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1.  The  technical  report  transmitted  herewith  represents  the  results  of 
one  of  a series  of  research  efforts  (work  units)  undertaken  as  part  ot 
Task  4A  (Marsh  Development)  of  the  Corps  of  Engineers'  Dredged  Material 
Research  Program  (DMRP) . Task  4A  was  part  of  t lie  Habitat  Development 
Project  (HOP)  and  had  as  its  objective  the  development  and  testing  ol 
the  environmental  and  economic  feasibility  of  using  dredged  material  as 
a substrate  for  marsh  development. 

2.  Marsh  development  using  dredged  material  was  investigated  by  the  HOP 
under  both  laboratory  and  field  conditions.  The  study  reported  herein 
(Work  Unit  4A 111)  was  an  integral  part  of  a series  of  research  contracts 
jointly  developed  t «.>  achieve  Task  4A  objectives  at  the  Windmill  Point 
Marsh  Development  Site,  James  River,  Virginia,  one  of  eight  marsh 
establishment  sites  located  in  several  geographic  regions  of  the  United 
States.  Interpretations  of  this  report's  findings  and  recommendations 
are  best  made  in  context  with  the  other  reports  in  the  Windmill  Point 
site  series  (4A11A-M). 


3.  This  report,  "Appendix  D:  Environmental  Impacts  of  Marsh  Develop- 
ment with  Dredged  Material:  Botany,  Soils,  Aquatic  Biology,  and  Wild- 
life," is  one  of  six  contractor-prepared  appendices  published  relative 
to  the  Waterways  Experiment  Station's  Technical  Report  D-77-23,  entitled 
"Habitat  Development  Field  Invest igat ions , Windmill  Point  Marsh  Develop- 
ment Site,  James  River,  Virginia:  Summary  Report"  (4A11M).  The  appendices 
to  the  Summary  Report  are  studies  that  provide  technical  background  and 
supporting  data  and  may  or  may  not  represent  discrete  research  products. 
Appendices  that  are  largely  data  tabulations  or  that  clearly  have  on  1 v 
site  spec  i I ic  relevance  are  publ  ished  as  niicrot iche;  those  with  more 
general  application  are  published  as  printed  reports. 

4.  1 he  purpose  ot  Work  Unit  4A1 1 I was  to  evaluate  the  response  ot  plant 
and  animal  populations  and  soil  properties  to  the  development  of  a marsh 
island  habitat  at  Windmill  Point  on  the  James  River.  The  man-made  marsh 
was  beneficial  to  the  area,  with  respect  to  biological  resources,  by 
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providing  an  increase  in  both  food  and  cover  for  fish  and  wildlife 
relative  to  the  original  shallow  river  bottom.  The  developed  areas  can 
also  be  compared  favorably  to  nearby  natural  marshes  in  terms  of  fish 
and  wildlife  resources  and  productivity. 

5.  Data  from  this  report  will  be  included  in  the  Windmill  Point  Summary 
Report  (4A11M)  and  synthesized  in  the  Technical  Reports  entitled  "Upland 
and  Wetland  Habitat  Development  with  Dredged  Material:  Ecological  Con- 
siderations” (2A08)  and  "Wetland  Habitat  Development  with  Dredged  Material: 
Engineering  and  Plant  Propagation"  (4A22) . 


JOHN  I..  CANNON 

Colonel,  Corps  of  Engineers 

Commander  and  Director 
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marsh  island  habitat  was  constructed  in  the  Janies  River  between 
November  1974  and  February  1975  from  fine-grained  dredged  material  partially 
contained  by  a sand  dike.  The  marsh-island  contained  4.9  ha  of  intertidal 
and  low-lvlng  upland  substrate  within  the  dike  and  an  intertidal  mudflal 
outside  the  dike.  Benthic  invertebrates,  I t sh , wi  Id  1 i t e (particularly  birds), 
plants  and  sol  1 character  1st ics  of  the  habitat  development  site  were  studied 


from  summer  1 *> 7 1.  to  fall  1977. 
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Between  tin1  comp  lot  Ion  ot  site  const  rue t ion  and  the  bog  i tin  l ng  ot  eco- 
logical studios,  t In'  island  was  sprigged  ami  seeded  with  wrt  land  ami  upland 
vogotat  Ion . Hi.'  major  ll  v ot  the  planted  wetland  species  were  grazed  and 
dest  roved  hv  w i Id  t i I e (pat  t leu  lar  1 y Canada  ni'esi*)  ; most  ot  the  upland  seeded 
species  were  displaced  by  native  plant  Invasion. 

Compared  with  adjacent  opon-Malei  and  shallow  river  bottom  habitats, 
the  marsh  Island  was  charac  t or  i .•oil  hv  increased  species  abundance,  diversitlc 
and  biomass. 

Compared  with  nearby  natural  marshes  and  low-lvtnp,  upland  sites  chosen 
as  relmence  areas,  the  habitat  development  site  produced  a (treat  ei  abundance 
and  biomass  ot  a less  diverse  benthos,  a similar  abundance  and  biomass  ot  a 
less  diverse  tislt  community  and  an  increased  abundance  ot  a less  diverse 
bird  communitv. 

The  habitat  development  site's  stable  nrrowhcnd-plckcrclwced  and  beggar 
tick  plant  communities  exhibited  normal  seasonal  changes  alone,  with  an  upland 
plant  community  undergoing  succession  to  mote  woody  vegetation. 

Difloronccs  in  soil  and  physical  charac  t er  l s t les  probably  accounted  tot 
most  ot  the  dltterenccs  between  the  habitat  development  and  relerence  sites. 

It  the  marsh  island  is  not  destroyed  by  continuing  erosion,  the  differences 
in  Si'll  charac  t er  l st  ic  s will  probably  decrease  with  time  and  similarity  in 
the  biological  communitv  charac t er 1st ics  may  increase. 

The  marsh  Island  habitat  development  was  beneficial  to  the  region  with 
respect  to  biological  resources  by  providing  an  increase  in  both  I ood  and 
cover  tot  I Ish  and  wildlife  relative  to  the  original  shallow  rivet  bottom, 
lhe  developed  habitat  compared  favorably  with  natural  relerence  areas  in 
terms  ot  t ish  and  wildlife  resources  and  productivity. 

lhe  major  threat  to  the  Island  is  severe  erosion  ot  its  upstream  end. 
Continuous  erosion  would  expose  the  tine-grained  interior  ot  the  marsh  island 
to  the  energies  ot  the  mainstream  James  River. 
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SUMMARY 


The  Windmill  Point  marsh  development  site  is  a 9.3-ha  dredged 
material  island  located  in  the  James  River,  0.4  km  west  ot  Windmill 
Point,  Prince  Oeorge  County,  Virginia.  The  marsh  site  construction 
began  in  November  1974  and  continued  in  conjunction  with  routine 
maintenance  dredging  through  February  1973.  The  Island,  .it  the 
completion  ot  construction,  consisted  of  a sand  dike  forming  a 
rectangular  perimeter  13d  x 39b  m,  occupying  1.2  ha  above  mean  high 
water,  coni'  ining  an  area  about  3.7  ha  of  which  4.9  ha  was  Intertidal 
substrate  composed  ot  dike  and  dredged  material. 

After  construction,  two  breaches  occurred  on  the  south  side.  One 
breach  was  successfully  repaired;  the  other  repair  did  not  hold  and  now 
functions  as  one  ot  the  main  channels  of  tidal  water  exchange. 

After  grading  in  June  and  July  1973  to  provide  a smooth  gradient 
from  the  upland  (emergent  at  mean  high  tide)  to  Intertidal  areas,  the 
Island  was  extensively  seeded  and  sprigged  with  a number  of  plants.  In 
September  1973,  alternating  bands  were  fertilized. 

In  summer  197b,  a series  of  observations  and  measurements  of 
benthic  biota,  fish,  wildlife  (principally  birds),  plants,  and  soils 
was  Initiated  to  describe  changes  that  were  taking  place  on  and  around 
the  Island,  particularly  with  regard  to  biota.  To  better  understand 
observations  and  measurements  obtained  from  the  experimental  site, 
reference  areas  were  selected  from  a nearby  marsh  and  upland  system  at 
the  mouth  of  Herring  Creek,  approximately  3.2  km  upriver  from  the 
experimental  site. 

Much  of  the  initial  vegetation  that  was  seeded  or  sprigged  was 
destroyed  within  a year  after  construction,  primarily  by  animal 
activity,  most  notably  Canada  geese,  which  ate  seeds,  foliage,  and 
roots.  Portions  of  the  higher  intertidal  elevations  affected  by  animal 
damage  were  colonized  by  native  vegetation;  the  low  Intertidal 
elevations  were  exposed  to  erosive  wind  and  wave  energies  of  the 
mainstream  James  River,  causing  changes  in  both  the  size  and  shape  of 


genus  l.lmnodri  lus  were  the  numerical  and  biomass  dominants  In  most  of 
the  habitats. 

Total  density  and  biomass  were  highest  in  the  low  marsh  and 
subtidal  channels  ot  the  experimental  site.  Intermediate  density  and 
biomass  were  found  in  the  higher  marsh  at  both  sites  and  in  low  marsh 
at  tf>e  reference  site.  Lower  values  were  found  outside  of  the  marshes 
on  adjacent  tidal  flats  and  on  subtidal  bottoms  used  by  the  project. 

The  differences  were  mainly  due  to  differences  in  populations  of 
ol igochaetes. 

The  density  and  biomass  of  raacrobenthos  were  highest  in  summer  and 
lowest  in  winter.  Species  diversity  was  higher  at  the  reference  site 
than  the  experimental  site  due  to  both  a greater  number  of  species  and 
less  dominance  by  a few  species  at  reference  site  stations. 

Protection  of  tidal  flat  macrobenthos  from  predation  by  use  of  an 
exclosure  cage  resulted  in  a 3-fold  increase  in  density  and  a 44-fold 
increase  in  biomass  over  surrounding  areas  indicating  that  predation  by 
fish  and  birds  plays  a key  role  in  benthic  community  structuring. 

The  permanent  meiobenthos  was  comprised  principally  of  nematodes, 
cladocerans,  ostracods,  and  copepods.  The  density  of  meiobenthos  was 
greatest  in  low  marsh,  subtidal  channel,  and  tidal  flat  at  the 
experimental  site.  Estimated  biomass  was  greater  at  comparable 
reference  sites  principally  because  of  greater  density  of  crustaceans. 

Secondary  production  estimates  show  that  meiobenthos  were  nearly 
as  important  as  producers  as  macrobenthos  in  the  reference  site,  but 
macrobenthos  production  was  much  greater  in  experimental  sites. 

Benthic  organisms  were  a major  part  of  the  diet  of  the  dominant 
fishes.  Metobenthlc  organisms,  especially  small  crustaceans,  were  very 
important  In  this  respect.  Larger  macrobenthic  organisms  such  as 
oligochaetes  were  not  numerically  important  food  for  the  small  fish 
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that  made  up  most  of  the  sample.  Overall  crustaceans  were  the  most 
abundant  tood,  followed  Jn  decreasing  order  by  insects,  plant  seeds, 
molluscs,  and  fish  and  tish  eggs. 

The  reference  site  had  significantly  more  fish  species  and  a 
higher  fish  species  diversity  than  the  experimental  site.  The 
experimental  site  was  represented  by  greater  apparent  abundance  and 
biomass  than  the  reference  site  but  these  differences  were  not 
significant.  The  greater  number  of  species  and  higher  species 
diversity  is  attributed  to  a greater  diversity  of  subhabitats  (debris, 
branches,  etc.)  at  the  reference  site. 

In  comparison  with  adjacent  open  bottom,  the  creation  ot  the  marsh 
lias  undoubtedly  Increased  abundance  and  diversity  of  t ish  in  the  area. 
The  marsh  lias  resulted  in  more  food  and  protection  for  many  fish.  The 
abundance  ot  important  forage  species  like  the  mummiehog  and  spot  tail 
shiner  was  probably  Increased  since  they  exhibit  a strong  dependence  on 
littoral  areas.  Two  species  of  some  commercial  and  recreational 
Importance,  the  channel  catfish  and  the  white  perch,  use  the  shoal 
areas  adjacent  to  the  island  for  nocturnal  feeding. 

The  most  important  fish  species  in  terms  of  abundance,  biomass, 
and  frequency  ot  appearance,  in  decreasing  order,  were  the  spottail 
shiner,  white  perch,  American  eel,  threadfin  shad,  mummiehog,  tidewater 
silverslde,  gizzard  shad,  channel  catfish,  silvery  minnow,  and  spot. 
This  corresponded  to  the  general  condition  of  the  ichthyofauna  in  this 
section  of  the  James  Kiver. 

The  botanical  studies  indicated  that  plants  were  grouped  into  four 
major  zones:  an  ar rowhead-pickerelweed  zone  occupying  the  low,  broad 
interior  ot  the  island;  a beggar  tick  zone  at  higher  levels  of  the 
marsh;  a panic  grass  zone,  the  remnants  of  the  plantings  of  heachgrass 
and  switch  grass  which  ran  in  an  interrupted  band  around  the  island; 
and  the  only  wooded  area,  a black  willow  zone  consisting  of  black 
willow,  cottonwood,  and  common  alder  on  the  eastern  portion  of  the 
island.  Tlie  remainder  of  the  plant  zones  were  heterogeneous  mixtures 


of  two  or  more  species 


A floral  inventory  of  the  experimental  area  in  1974  indicated  that 
prior  to  dike  construction  about  55  species  occurred  fairly  evenly 
distributed  between  marsh  and  supratldal  habitats.  After  construction, 
bv  July  1975,  this  number  roughly  doubled  by  natural  invaders  and  the  b 
species  artificially  introduced.  The  number  of  new  species  declined 
between  July  1975  and  September  1977,  but  the  dike  and  original  island 
developed  a higher  diversity  than  the  marsh. 

Species  distribution  and  zonation  appear  to  be  primarily  a 
function  of  elevation  and  the  closely  correlated  tidal  inundation, 
especially  in  intertidal  areas.  It  appears  that  the 

arrowhead-pickerelweed  and  beggar  tick  zones  are  approaching  climax  or 
near-climax  conditions  in  the  marsh  areas.  In  the  higher  areas  of  the 
original  island  and  the  dike,  the  increasing  growth  of  trees  with 
changing  shade  conditions  will  continue  to  exhibit  changing  species 
d ist  r i but  ion. 

In  comparison  with  the  reference  marshes,  insect  damage  was 
relatively  light  on  the  island.  Muskrats  were  responsible  for 
considerable  localized  damage,  but  once  the  muskrats  moved  on  or  were 
removed,  the  areas  appeared  to  recover. 

Severe  winds  in  1977  resulted  in  a sharp  decrease  in  beggar  tick 
heights,  compared  to  1976.  Shore  erosion,  particularly  on  the  west 
dike,  was  severe.  By  late  1977,  only  a narrow  sand  berm  protected  the 
interior  marsh.  The  planted  panic  grass  was  undermined  by  wave  action 
and  woody  plants  such  as  willows  were  uprooted. 

The  experimental  site  supported  a greater  number  of  bird  species 
than  any  of  the  reference  sites.  The  greater  number  of  birds  at  the 
experimental  site  was  primarily  due  to  gulls,  terns  and  wading  birds 
that  were  attracted  to  Intertidal  flat  areas.  Four  species,  the  ring 
necked  gull,  red-winged  blackbird,  laughing  gull  and  Canada  goose 
comprised  two  thirds  of  ..11  the  individuals  at  the  experimental  site. 

Only  the  mallard,  killdeer,  red-winged  blackbird  and  possibly  the 
song  sparrow  nested  on  the  Island.  Breeding  could  onlv  be  confirmed 
for  the  mallard  and  red-winged  blackbird.  Predation  bv  fish  crows  and 
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rice  rats  was  considered  to  have  a major  impact  on  nest  success  of 
red-winged  blackbirds. 

Other  than  the  rice  rats,  the  only  mammal  to  impact  the  island  is 
the  muskrat,  which  after  birds,  was  the  dominant  wildlife  on  the 
island.  By  the  end  of  the  study  period,  there  were  11  muskrat  lodges 
on  the  island. 

The  Windmill  Point  experimental  site  is  a habitat  unique  to  the 
area,  by  virtue  of  its  large  tidal  flats  and  basin,  sand  beach 
perimeter  and  openness  relative  to  surrounding  woodland  communities. 

It  functions  as  a bird  motel,  drawing  migrants  from  many  groups, 
especially  those  associated  with  intertidal  environments. 

Soil  studies  demonstrated  extreme  spatial  heterogeneity  of  soil 
characteristics  at  the  experimental  site.  The  dike  area  was  generally 
sand  and  sandy  loam  soils,  while  the  interim  dike  and  marsh  areas  were 
clay  and  silty  loam.  Marsh  habitats  at  the  experimental  area  were 
generally  sandier  than  corresponding  reference  areas. 

There  was  significant  and  positive  correlation  between  % 
silt-clay,  % volatiles,  and  organic  carbon.  Cation  exchange  capacity 
was  related  significantly  to  these  measures.  Reference  site  soils  were 
generally  higher  in  Z volatiles,  organic  carbon,  soil  nitrogen,  and 
cation  exchange  capacity.  The  soil  measures  generally  related  to  plant 
growth  and  decomposition  indicate  that  the  soil  system  at  the 
experimental  site  is  still  developing.  Field  observations  also 
indicate  that  there  is  mixing  of  dike  material  with  the  marsh  material 
which  is  influencing  final  soil  characterization. 

Changes  in  soil  characteristics  (particularly  higher  nitrogen  and 
cation  exchange  capacity  in  the  reference  marsh)  are  thought  to  account 
for  significantly  higher  pickerelweed  height  at  the  reference  site 
during  the  197b  growing  season.  With  this  exception,  little  causal 
soil-plant  relationship  was  discernible  from  this  study.  Plant 
distribution  appeared  to  be  controlled  more  by  physical  environmental 
factors  such  as  elevation  and  tidal  inundation  than  differences  in  soil 
characteristics. 
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In  summary,  the  Windmill  Point  marsh  development  project  has 
resulted  in  creation  of  an  area  which  has  provided  an  excellent  habitat 
for  the  bird  and  fish  species  in  the  area  and  has  generally  had  a 
beneficial  effect  in  terms  of  the  local  environment.  There  is, 
however,  some  concern  that  because  of  high  erosion  on  the  western  side 
of  the  island,  the  island  will  erode  away  and  the  beneficial  effect 
will  be  lost. 

At  this  point  in  time,  approximately  three  years  after 
construction,  the  experimental  site  is  still  changing.  Disregarding 
the  threat  of  erosion  for  a moment,  the  interior  of  the  island  appears 
to  have  stabilized  into  an  arrowhead-pickerelweed  and  beggar  tick 
dominated  marsh.  The  more  upland  areas  are  in  transition  from 
essentially  low  open  vegetation  to  the  more  typical  wooded  shore  areas 
in  that  region  of  the  James  River.  As  this  occurs  and  as  the  soils 
continue  to  mature  with  tne  addition  of  more  organic  material,  the 
differences  between  the  reference  site  and  the  experimental  site  should 
be  reduced. 

If  the  western  side  of  the  island  does  not  withstand  erosion,  and 
the  dike  is  breached  to  the  inner  marsh,  an  entirely  different 
community  much  more  similar  to  surrounding  open  bottoms  will  likely 
result. 
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HABITAT  DEVELOPMENT  FIELD  INVESTIGATIONS 
WINDMILL  POINT  MARSH  DEVELOPMENT  SITE,  JAMES  RIVER,  VIRGINIA 
APPENDIX  D:  ENVIRONMENTAL  IMPACTS  OF  MARSH  DEVELOPMENT 
WITH  DREDGED  MATERIAL:  BOTANY,  SOILS 
[ ’ AQUATIC  BIOLOGY,  AND  WILDLIFE 

PART  I:  INTRODUCTION 
M.  P.  Lynch 

1.  The  Windmill  Point  Site,  James  River,  Virginia  (Figure  1)  is 
one  of  the  sites  where  technical  information  on  the  feasibility  of 
using  dredged  material  for  the  development  of  marsh  habitats  is  being 
evaluated  for  the  U.  S.  Army  Corps  of  Engineers. 

2.  The  Windmill  Point  marsh  development  site  is  a 9.3  ha  dredged 

material  disposal  island  located  in  the  James  River  below  Hopewell,  f 

Virginia,  0.4  km  west  of  Windmill  Point,  Prince  George  County, 

Virginia.  The  island  consists  of  a sand  dike  forming  a rectangular 
perimeter  of  152  by  396  m,  occupying  approximately  1.2  ha  above  mean 
high  water.  The  dike  confines  an  area  of  about  5.7  ha,  consisting  of 
an  estimated  0.8  ha  above  mean  high  water  and  4.9  ha  of  intertidal 
substrate  composed  of  dike  and  dredged  material. 

3.  The  marsh  development  site  construction  began  in  November 
1974  and  continued  in  conjunction  with  routine  maintenance  dredging 
through  February  1975.  Prior  to  the  1974  disposal  operations,  the  site 
existed  as  a small,  about  0.7  ha,  horseshoe-shaped  island,  which 
resulted  from  historically  unconfined  disposal  of  channel  sediments 
dredged  from  the  Windmill  Point  and  Jordan  Point  navigation  channels. 

4.  The  dike  was  constructed  from  sand  dredged  from  a borrow  area 
approximately  2740  m west  of  the  original  island.  Approximately  62,320 
m-*  of  sand  went  into  the  dike.  During  channel  maintenance  operations, 
approximately  166,680  mJ  of  dredged  material  entered  the  disposal  site 
at  the  northwest  corner  with  effluent  discharged  at  the  southeast 
corner.  An  elevation  gradient  consequently  developed  from  the  high 
influent  (NW)  end  to  the  low  effluent  (SE)  end.  Fines  suspended  in  the 


effluent  slurry  settled  over  and  adjacent  to  the  original  island, 
causing  an  intertidal  mudflat  to  develop  at  the  eastern  end  of  the 
original  island. 

5.  After  construction,  two  breaches  occurred  on  the  south  side. 
One  breach  was  successfully  repaired.  The  other  repair  did  not  hold 
and  that  breach  now  functions  as  one  of  the  main  channels  of  tidal 
water  exchange.  The  dike  was  graded  in  June  and  July  1975  to  provide  a 
smooth  transition  from  the  upland  (emergent  at  mean  high  water)  through 
the  intertidal  elevations.  By  spring  1975,  vegetation  on  the 
pre-existing  island  which  was  destroyed  or  disturbed  by  construction 
and  disposal  operations  had  begun  to  regenerate.  Additional  species 
invaded  the  site  by  means  of  seed  and  vegetative  propagules,  which 
resulted  in  a total  of  some  72  species  by  July. 

b.  Interior  upland  portions  of  the  dike  and  the  upland  area 
within  the  dike  were  seeded  with  tail  fescue  (Festuca  elatior  var. 
arundlnacea ) , orchard  grass  (Dactylis  glomerata),  and  Ladina  white 
clover  ( T r i f o 1 i urn  repens) . Exterior  upland  portions  of  the  dike  were 
seeded  with  a mixture  of  switch  grass  (Panicum  vlrgatum)  and  coastal 
panic  grass  (Panicum  amarulum).  The  intertidal  zone  on  the  exterior  of 
the  dikes  was  planted  with  a mixture  of  three-square  bulrush  (Scirpus 
americanus)  and  smooth  cordgrass  (Spartina  alternif lora).  Sprigs  of 
water  willow  Clust icia  amerlcana ) were  planted  along  the  upper 
intertidal  zone  along  the  west  dike.  On  the  original  island  and  the 
disposal-created  mudflat  east  of  the  dike,  experimental  blocks  were 
established  in  which  several  species  (big  cordgras,  Spartina 
cynosuroides;  smooth  cordgrass;  seacoast  bulrush,  Scirpus  robust us ; and 
arrow  arum,  Peltandra  virginica)  were  sprigged.  Additionally,  in 
September  1975,  intertidal  and  upland  elevations  of  the  dike  were 
fertilized  in  a pattern  of  45.7-m  bands  alternating  with  15.2-m 
unfertilized  areas. 

7.  Much  of  the  planted  vegetation,  however,  was  destroyed  within 
a year  after  construction  by  animal  activity,  most  notably  Canada 
geese,  which  ate  seeds  and  foliage  and  dug  into  the  sediments  to  feed 
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on  roots.  As  a result,  almost  all  of  the  Spart Ina  and  Sclrpus 
plantings  on  the  exterior  of  the  dikes,  as  well  as  the  plantings  on  the 
unconfined  dredged  material,  were  destroyed.  The  upland  plants  were 
also  grazed,  but  not  as  heavily.  Portions  of  the  higher  intertidal 
elevation  affected  by  animal  damage  were  colonized  by  native 
vegetation.  Artificial  plantings  were  soon  overshadowed  by  invading 
native  species.  The  most  conspicuous  naturally  invading  plants  within 
the  dike  were  arrowhead  (Sagittarla  latifolia)  and  ptckerelweed 
( Ponteder ia  cordata ) . 

8.  The  selected  reference  site,  composed  of  a natural  marsh  and 
upland  areas  at  the  mouth  of  Herring  Creek,  was  located  approximately 
3.2  km  upriver  from  the  experimental  site.  The  low  marsh  at  the 
reference  site  was  dominated  by  arrow  arum,  with  lesser  amounts  of 
pickerelweed,  water  smartweed  (Polygonum  punctatum) , and  wild  rice 
(Zlzaria  aqua t lea) . The  high  marsh  was  more  diverse  and  was  generally 
characterized  as  an  arrow  arum- jewelweed  ( Impat lens  capensis)- 
tearthumb  ( Polygonum  a r i f o 1 i um ) association.  The  use  of  a reference 
site  in  conjunction  with  an  experimental  site  (the  Windmill  Point  site) 
enabled  observations  and/or  measurements  taken  at  the  experimental  site 
to  be  evaluated  in  terms  of  observations  and/or  measurements  taken  at  a 
similar,  natural  site.  Because  of  the  lack  of  a reference  site  with 
the  same  exposure  and  sediment  characteristics  as  the  experimental 
site,  the  comparisons  could  at  best  be  semiquant itat ive.  Without  the 
use  of  a reference  site,  however,  trends  or  changes  in  measured  or 
observed  biota  or  characteristics  at  the  experimental  site  could  not  be 
evaluated  in  terms  of  man-forced  trends  or  changes. 

9.  For  wildlife  (primarily  bird)  studies,  a section  of  vegetated 
gravel  beach  strand  extending  upriver  from  the  mouth  of  Herring  Creek 
was  selected.  Tills  area  (approximately  1 ha)  was  named  the  James  River 
Berm  reference  site.  It  consists  of  a narrow,  densely  vegetated  strand 
and  an  adjoining  swamp  dominated  by  a few  large  bald  cypress  (Taxodlum 
dlstlchlum).  More  numerous  and  smaller  ash  trees  ( Fraxinus  sp. ) 
comprise  the  remainder  and  grow  on  fringing  banks.  Large  trees  on  the 
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berm  proper  include  sycamore  (Platanus  occ ldental is ) , tulip-tree 
(Li riodendron  tulip  it  era) , black  gum  ( Ny ssa  sy lvat lea) , sweet  gum 
( Llquidambar  styracl f lua ) , and  black  walnut  (Jug Ians  nigra ) . Smaller 
trees  and  shrubs  are  the  buckthorn  (Khamnus  carol lnlana ) , 
rose-of-sharon  (Hibiscus  syrlacus)  , swamp  dogwood  (Cor nus  stricta ) , and 
common  spice  bush  ( Llndera  benzoin) . Ground  cover  is  scarce  in  the 
open  tidal  swamp.  On  the  berm,  heavy  growtli  of  lianas  largely  preclude 
ground  cover.  In  order  of  dominant  cover,  they  are  greenbriar  (Smi lax 
spp.),  grapes  (Vltis  spp.),  Virginia  creeper  (Par t henoc i ssus 
qulnquef ol la) , trumpet  vine  (Campsis  rad leans) , virgin's  bower 
(Clematis  Virginia),  and  poison  i vv  (Rhus  toxicodendron). 

10.  The  research  objectives  of  the  studies  discussed  in  this 
appendix  were  to: 

a.  Document  the  growth  and  development  process  of  botli 
planted  and  naturally  invading  wetland  vegetation. 

b.  Relate  the  botanical  growtii  and  development  process  to 
varying  chemical  and  physical  properties  of  the 
experimental  site. 

c.  Relate  faunal  patterns  of  use  to  the  physical 
characteristics  of  the  dredged  material  and  vascular 
plant  community. 

d.  Describe  the  changes  in  aquatic  biota  following  the 
disposal  of  dredged  material  and  site  development. 

e.  Document  t He  concentration  of  selected  metals  in  various 
plants  and  animals  associated  with  the  dredged  material 
subst  rate . 

11.  The  studies  conducted  by  t lie  Virginia  Institute  of  Marine 
Science  (VIMS)  were  grouped  Into  five  areas.  Benthic  Studies,  Nekton 
Studies,  Botanical  Studies,  Wildlife  Studies  (principally  avifauna), 
and  Soils  Studies.  The  VIMS  studies  were  complemented  by  geochemical 
and  water  quality  studies  conducted  by  Old  Dominion  University, 
topographic  monitoring  conducted  by  the  Corps  of  (engineers,  and 
pollutant  mobilization  studies  (principally  involving  chlorinated 
hydrocarbons)  conducted  by  the  U.  S.  Army  Kngineer  Waterways  Experiment 
Station  (WES).  The  remainder  of  this  appendix  deals  with  these 
elements  of  the  overall  study  conducted  by  VIMS. 


In 


Dredged  Material  Research  Program's  (DMRP)  Habitat  Development  Project 
(HDP).  The  overall  HDP  is  testing  and  evaluating  concepts  of  marsh 
development  and  land  and  water  habitat  development  as  environmentally 
beneficial  disposal  alternatives.  The  studies  described  in  this 
appendix  focus  on  a freshwater  tidal  marsh  system.  Other  studies  focus 
on  different  habitats.  When  taken  as  a whole,  even  though  different 
techniques  and  study  protocol  had  to  be  employed  at  different  sites, 
the  overall  Habitat  Development  Program  should  provide  strong  guidance 
as  to  the  beneficial  use  of  dredged  material  for  habitat  development 
and  enhancement  of  wildlife  resources. 
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PART  II:  AQUATIC  B 10L0CY — BENTHOS 

R.  J.  Diaz,  D.  F.  Boesch,  J.  L.  Hauer,  C.  A.  Stone, 
and  K.  Munson 


1 nt  rodue t ion 

13.  Benthic  organisms  are  key  secondary  producers  in  marsh 
ecosystems.  They  serve  in  the  principal  pathway  of  energy  flow  from 
primary  producers  to  carnivorous  fishes  and  invertebrates  and 
ultimately  to  certain  wildlife  in  the  marsh  community.  Benthic  animals 
were  also  important  constituents  of  the  shallow  water  communities 
pre-existing  in  the  area  of  the  marsh-habitat  development  at  Windmill 
Point  (Diaz  and  Boesch  1977 a).  Thus,  in  the  assessment  of  macrobenthic 
communities  in  the  vicinity  of  the  Windmill  Point  experimental  site 
and  the  Herring  Creek  reference  site,  unique  opportunities  are 
presented  to:  (a)  relate  benthic  organisms  to  the  productivity  and 
food  chains  of  the  marshes  and  (b)  compare  the  benthos  of  shallow  water 
and  wetland  habitats. 

14.  This  portion  of  the  post-construction  ecological  study 
attempts  to  describe  the  composition  and  structure  of  benthic 
communities  in  the  various  habitats  represented  at  the  experimental  and 
reference  sites,  to  compare  the  benthos  of  the  experimental  marsh  with 
that  of  the  pre-existing  shoal  flat  and  the  reference  marsh,  and  to 
relate  the  benthic  invertebrate  community  to  the  food  habits  of  fishes. 

15.  The  primary  focus  of  this  study  has  been  on  the  macrobenthos 
because  it  lias  been  previously  studied  in  the  area  and  was  presumed 
more  important  than  smaller  forms  as  food  items  of  fishes.  Preliminary 
results  of  food  habit  studies  indicated  that  meiobenthie  animals  were 
important  prey  of  some  small  fishes.  Thus,  additional  exploratory 
research  was  conducted  on  the  meiobenthos  later  in  this  study. 
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Materials  and  Methods 
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Sampling  design 

In.  Alter  visit  lay,  the  sites  ami  considering  the  statistical 
advantages  ot  various  sampling  designs,  a stratified  random  design  was 
selected.  The  st rat  1 f icat ion  ot  the  marshes  and  surrounding  bottoms 
assured  that  all  tidal  elevation  and  vegetation  conditions  received  a 
certain  minimum  sampling  effort.  Random  placement  ot  sample  positions 
within  strata  allowed  application  ol  statistical  comparisons  among 
strata.  Seven  strata  at  the  experimental  site  and  five  strata  at  the 
■"ice  site  were  det ined  as: 


a.  Kl  - High  intertidal  marsh  within  the  dike,  including 
zones  vegetated  bv  cattails  (Typha  spp.).  This  stratum 
t ringed  the  Inside  ot  the  dike  with  the  most  extensive 
area  in  the  northeast  corner  of  the  site. 

b.  K2  - Low  intertidal  marsh  within  the  dike,  including  most 
ot  the  area  within  the  dike.  This  str.it  um  was  vegetated 
bv  plckerelweed,  arrow  arum,  and  arrowhead. 

c.  Kl  - Low  intertidal  areas  within  the  dike  which  were 
essentially  nonvegetated,  including  small  subtidal  pools. 

d.  VA  - Subtidal  areas  within  the  marsh,  including  the  moat 
which  runs  along  the  north  and  east  sides  of  the  dike  and 
the  pool  at  the  northwest  corner. 

e.  K1)  - High  intertidal  mud  flat  outside  of  the  dike  along 
the  east  end  ot  the  site,  including  the  experimental 
vegetation  plots  along  the  east  perimeter. 

t.  Kt>  - Low  intertidal  mud  fl.it  outside  of  the  dike  along  the 
east  end  of  the  site. 

jt.  K7  - Low  intertidal  areas  around  the  outside  ot  the  dike 
along  the  north,  west,  and  south  perimeters.  This  habitat 
is  basically  one  of  coarse  sand  and  gravel. 

h.  Kl  - High  intertidal  marsh  at  the  reference  site 
corresponding  to  Kl. 

i.  R2  - Low  intertidal  marsh  at  the  reference  site 
corresponding  to  E2. 

j.  Kl  - nonvegetated  mud  flat  at  the  reference  site 
corresponding  to  E3  and  Kb. 

k.  Rs  - Subtidal  creek  bed  at  the  reference  site 
corresponding  to  Ks . 
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1.  K 5 - Snivel  and  sand  intertidal  area  near  the  reference 
site  corresponding  to  K7. 

1 . Stratum  F.3  was  dropped  after  July  197b  sampling  because  it 
w's  telt  that  there  was  insufficient  separation  between  vegetated  (K2) 
and  nonvegetated  low  intertidal  marsh  within  the  dike.  The  strata  are 
roughly  delimited  in  Figures  2 and  3. 

IS.  A 3 -m  square  grid  system  was  assumed  over  the  experimental 
site,  using  as  reference  points  the  stake  field  placed  around  the 
perimeter  ot  the  marsh  Island  at  30.5-m  intervals  hv  the  Corps.  The 
reference  site  was  not  grided,  but  was  divided  into  small  irregularly 
shaped  areas,  the  boundaries  of  which  followed  the  boundaries  of  the 
strata.  Fight  replicate  samples  of  macrobenthos  and  sediments  were 
taken  in  each  stratum.  The  positions  of  the  samples  were  the  nodes  of 
the  3-m  grid  at  the  experimental  site  and  the  delimited  irregular  areas 
in  the  reference  site.  These  positions  were  determined  by  consulting  a 
table  of  random  numbers.  Random  sampling  was  conducted  in  Julv  and 
November  lR7b  and  January,  April,  and  July  |d77.  Placements  of 
replicates  for  each  seasonal  sampling  period  can  be  seen  in  Figures 
4-13. 

Treatment  of  samples 

ll>.  A IbO-cm*-  rectangular  corer  was  used  to  take  samples  oi 
macrobenthos  and  sediments.  Cores  from  July  197b  were  20  cm  deep  and 
were  divided  into  two  10-cm-deep  fractions  in  order  to  determine  the 
utilization  of  deeper  sediments  by  benthos.  After  removal  of 
approximately  100  g of  sediment  with  a 2.2-cm  10  core  tube  for  sediment 
analyses  (from  both  top  and  bottom  halves  in  July  197b),  the  remaining 
material  was  sieved  through  a 500-pm  screen,  relaxed  with  a 1 percent 
solution  of  propylene  phenoxotol  for  a half  hour,  preserved  with  S to 
10  percent  buffered  formalin,  and  stained  with  a vital  stain  (phloxine 
B).  Later,  the  samples  were  microscopically  examined  and  the  animals 
present  sorted  into  major  taxonomic  groups  and  placed  in  70  percent 
ethanol  for  later  identification  and  enumeration. 
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Me i obent  hos 


20.  Meiobenthos  samples  were  taken  with  3.8-enr-  core  tubes  to  a 
depth  of  5 em  and  preserved  with  5 percent  formalin.  After  washing  a 
few  samples  through  a graded  series  of  sieves  from  500  to  b3  pm,  it  was 
determined  that  the  greatest  number  and  diversity  of  animals  was 
retained  on  a IJb-'.im  sieve.  Thus,  the  meiobenthos  examined  in  this 
study  consisted  of  those  organisms  that  passed  through  a 500— am  sieve 
and  were  retained  on  a IJS-um  sieve.  Washed  samples  were  examined  with 
a dissecting  microscope  and  -ill  animals  placed  in  S percent  formalin 
tor  later  Identification  and  enumeration. 

Sediment  ana  lyses 

21.  Percent  sand,  silt,  and  clay  were  determined  by  sieving  and 
pipette  analysis  following  procedures  of  Folk  (1^68),  with  the 
exception  that  10  ml  of  -*  percent  Alconox  was  added  to  disperse  the 
samples  and  the  samples  were  mildlv  shaken  bv  hand  and  not  blended. 

The  silt  and  clay  suspension  of  sediment  samples  with  less  than  10 
percent  silt  and  clay  was  filtered  and  not  subsampled  bv  pipette. 
Sediment  descriptions  refer  to  the  Udden-Wentworth  c lass i t i cat i on 
(Petti John  IMS?').  The  amount  of  detritus,  or  light  elutriated  material 
retained  on  a t>3-pm  screen  including  vermiculite,  mica,  plant  roots, 
leaves,  and  stems,  was  expressed  as  a percent  of  the  total  dry  we.ight 
of  the  sediment.  Total  solids  and  volatile  solids  concentrations  were 
determined  in  accordance  with  procedures  of  Standard  Methods  (American 
Public  Health  Association  1^711. 
biomass 

22.  Dry  weight  biomass  was  determined  after  drying  at  80°C  to 
constant  weight.  Biomass  was  determined  for  the  bivalve  Corbieula 
manilensis,  ol i goohaet es  , and  chironomids.  All  other  taxa  were  weighed 
as  one  group.  Corbicu 1 a larger  than  10  cm  were  removed  from  their 
shells  for  weighing,  but  small  Corbieula  weights  include  the  shell 
after  chemical  deca lc i t teat  ion. 
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Numerical  methods 


23.  Species  diversity  was  measured  by  the  commonly  used  index  of 
Shannon  ( H ' ) (Pielou  1975),  which  expressed  the  information  content  per 
individual  (base  2 logarithms).  Species  diversity,  particularly  as 
expressed  by  the  Shannon  measure,  is  widely  used  in  impact  assessments 
and  may  correlate  well  with  environmental  stress  (Wilhm  and  Dorris 
1968;  Armstrong  et  al.  1971;  Boesch  1972).  More  adverse  and  stressful 
environmental  conditions  often  exhibit  lower  species  diversity  although 
this  response  is  often  not  so  simple  (Jacobs  1975;  Goodman  1975). 

24.  As  considered  above,  species  diversity  is  a composite  of  two 

components:  species  richness,  the  number  of  species  in  a community, 

and  evenness,  how  the  individuals  are  distributed  among  the  species. 

Two  measures  of  species  richness  were  used:  the  number  of  species  (s) 
per  unit  area  (in  this  case  160  cm^)  or  areal  richness,  and  a measure 
of  numerical  richness  standardized  on  the  basis  of  the  size  of  the 
sample  in  terms  of  numbers  of  individuals  (N):  S-l/loge  N.  Evenness 
was  expressed  as  J'=H'/log2S. 

25.  Numerical  classification  (Boesch  1977)  was  used  to  express 
the  relationships  of  the  species  assemblages  among  habitats  and  over 
time.  The  Bray-Curtis  (or  Czekanowski)  coefficient  was  used  for  both 
normal  (collections)  and  inverse  (species)  classifications  based  on 
loge  (x+1)  transformed  data.  The  transformation  was  applied  to  dampen 
the  otherwise  overwhelming  sensitivity  of  the  index  to  heavily  dominant 
species.  The  flexible  sorting  strategy  was  chosen  to  cluster 
collections  and  species  because  of  its  mathematical  properties  and 
proven  usefulness  in  ecology  (Boesch  1973;  Clifford  and  Stephenson 
1975).  The  cluster  intensity  coefficient  8 was  set  at  -0.25,  which 
effects  moderately  intense  clustering.  Details  of  these  techniques  may 
be  found  in  Clifford  and  Stephenson  (1975)  and  Boesch  (1977), 
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Kc  suit  s 


Scd  i out  I . » i it  s i .•  e 

h..  Sediments  .it  tlu*  experimental  site  wort-  generally  sandier 
than  those  in  the  computable  hahitats.  At  the  reference  site  the  only 
st  i. Hum  with  sutidv  sediments  was  t ho  shore  o!  t ho  berm  that  separates 
bucking  Stool  marsh  t rom  t ho  .lamos  Klvor  (stratum  RS).  Sediments  in 
t ho  high  marsh  (Kl)  did  show  sotno  saint  in  No  voinho  r ami  January,  hut  it 
was  patiliv  ami  limit  oil  to  t ho  aroa  ad  lucent  to  tho  horm.  (Soo  Appendix 
A*  tor  data,  and  Table  1 and  Figure  14  tor  summary  and  descriptive 
st  at  1 st  i os . 1 

The  dike  around  the  experimental  marsh  ( K 7 ) and  shore  ot  the 
helm  (RS)  were  the  sandiest  strata,  ret  loot tug  their  unprotected 
local  ions  where  wind  and  t Wlo  energy  prevent  the  accunuilat  ton  ot  t liter 
sediments.  i'urtng  periods  ot  high  water  and  storms,  sand  t rom  t tiese 
local  ions  was  transported  into  the  high  marsh  areas  ot  both  sT  t o s . 
ibis  was  most  apparent  at  the  experimental  s i t e , an  island  which  was 
exposed  in  all  directions.  The  reterence  site  was  most  exposed  to 
storms  with  southerly  winds.  Sediments  In  the  experimental  high  marsh 
(FI)  h.nl  variable  amounts  ot  sand  throughout  the  studv  but  in  Julv  1^77 
tin-re  was  a significant  (act), OS)  Increase  in  sand  content  over  t lit 
tit  iiet  sampling  periods.  The  dike  around  the  marsh  was,  by  then, 
breached  regularly  during  norma  I high  t ides  at  three  or  tour  loeat ions 
around  its  perimeter.  These  breaches  accelerated  t lie  rate  at  which 
sand  was  transported  Into  the  marsh  interior.  Sediments  in  t tie 
suht  Idol  areas  within  the  dike  ( K.4 ) were  sandier  than  those  in  either 
the  high  (FI)  ot  low  (F.7)  marsh  areas.  This  sand  was  transported  into 
(lie  marsh  on  t loodtng  t ido  through  the  t (dal  inlet  on  the  sout h side  ot 
(lie  dike . This  mechanism  allowed  the  deposit  ion  ot  sand  in  the 
otherwise  slltv  low  marsh.  In  the  course  ot  the  year  ot  study,  a large 
tidal  tlood  delta  consisting  ot  siltv  sand  was  I ormed  extending  t rom 
the  t tdal  inlet  tit'  to  70  m Into  the  interior  o!  t ho  habitat  . Sand  in 
portions  ot  the  experimental  marsh  away  t rout  the  influence  ot  the  inlet 


originated  in  the  dredged  material,  and  was  concentrated  by  winnowing 
ot  tines  during  marsh  construction,  or  was  supplied  by  overwash  of  the 
sand  dike. 


28.  Sediments  on  the  mud  flat  at  the  east  end  of  the  experi- 
mental site  (KS  and  Kb)  were  slltv  tine  sand.  The  sand  was  supplied  hv 
the  net  downstream  movement  ot  river  sand  around  Windmill  I’oint. 

Through  the  course  ot  the  study,  there  was  a trend  toward  increasing 
sand  content  on  the  mud  flat.  This  inav  have  resulted  from  the 
accretion  of  the  flat  due  to  the  protection  afforded  by  the  island. 
Visual  observation  of  the  mud  flat  throughout  the  study  indicated  that 
it  expanded  greatly  bv  duly  1877  was  over  twice  as  large  as  it  had  been 
in  July  197b.  The  paucity  of  sand  in  all  habitats  within  the  reference 
site  indicates  that  the  Ducking  Stool  marsh  is  a very  protected  habitat 
and  a trap  for  fine  sediments. 

2‘).  Silts  and  clays  were  virtually  absent  from  the  higher  energy 
environments  (K.7  and  KS).  Sediments  of  the  mud  flat  (KS  and  Kb  the 
only  other  area  exposed  to  the  James  River,  had  the  next  lowest 
percentage  ot  fines  with  an  average  range  ot  ll)  to  S2  percent. 

Sediments  in  the  lower  mud  flat  (Kb)  were  slightly  siltier  than  those 
higher  (KS),  which  are  exposed  to  more  wave  energy.  Sediments  within 
the  experimental  marsh  ( K 1 , K.2,  K.4)  were  all  predominantly  sandv-silt 
or  clayey-silt.  Sediments  within  the  reference  marsh  ( K 1 , R2 , R'l,  R4) 
were  silt  or  clavey-silt,  except  when  sandv-silt  patches  near  the  berm 
(Kl)  were  sampled  in  November  and  January.  In  general,  sediments 
within  the  reference  marsh  were  finer  and  had  about  three  times  as  much 
clay  as  those  in  the  experimental  marsh. 

10.  The  sediments  at  the  experimental  site  were  much  more 
variable  from  season  t o season  than  those  at  the  reference  site. 

W i t h i n~st rat  urn  and  bet ween-st rat  a variations  were  also  much  higher  at 
the  experimental  site  (Table  1).  Sediments  at  the  reference  marsh  were 
homogeneous  fine  sediments,  reflecting  the  deposit ional  environment 
which  prevails  there.  Sediments  at  the  experimental  marsh  were 
patchier  and  coarser,  reflecting  both  the  artificial  deposit ional 
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event  s whieh  created  it  and  t lie  ongoing  oroslonal  processes  wtiieli  seek 
to  bring  it  to  hydraulic  equl  1 fbrlnm.  Outing  t lie  period  ol  study, 
there  was  a general  trend  toward  greater  eoneent rat  tons  tit  sand  in  the 
experimental  marsh  and  ad jaeent  tlat  , while  the  reterenee  marsh 
remained  eont  i nna I 1 v muddy. 

1'et  r 1 1 us 

11,  The  detritus  content  ot  the  sediments,  expressed  as  a 
percent  t't  the  total  drv  weight  , was  related  to  exposure,  sediment 
grain  sire,  and  the  presence  t't  marsh  plants.  Generally,  detritus  was 
highest  in  sediments  within  the  marshes  ( K 1 , I-.',  Kl  , Kd)  and  the 
subtltl.il  channel  (Ka,  Ra)  where  the  dead  plant  material  aeenmn  1 a t ed . 

Sediments  ot  the  high  mud  tlat  (K,S)  , which  had  some  marsh  plants 
growing  in  it  . had  higher  amounts  ot  detritus  than  those  t't  the 
nouveget  at  ed  lower  tlat  (Kb).  Subtiil.il  sediments  in  the  reterenee 

V 

marsh  (Kl)  had  slight Iv  lower  but  more  consistent  amounts  ot  detritus 
than  those  ot  the  other  reterenee  strata,  except  the  exposed  sandv  berm 
(K1')  (Appendix  A’,  Tables  1 and  Figure  lb). 

I. ’.  The  low  experimental  marsh  (Kd)  was  the  onlv  area  to  exhibit 
a seasonal  pattern  ot  detritus  abundance,  with  highs  in  summer  and  lows 
in  winter.  Wi t hi n-st rat um  and  bet ween-st rat  a variations  were  greatest 
at  the  experimental  site  with  the  greatest  amounts  ot  detritus  t ound  in 
.lulv  l‘l/b  (grand  mean  dl  percent),  but  low  levels  t ound  in  Julv  1^77 
(grand  mean  7 percent).  At  the  reterenee  site,  t lit'  grand  mean  was 
about  Id  percent  tor  all  sampling  seasons. 

Total  and  volat  ile  solids 

II.  Total  solids  concent  rat i on , an  Indication  ot  water  content 
ot  the  sediments,  was  directly  related  t o t lie  amount  ot  sand  in  the 
sediments.  Highest  total  solids  concent  rat  ions  were  t ound  in  sediments 
t ri>m  strata  in  the  dames  Kiver  (K‘>,  Kb,  K7,  K‘>)  which  had  the  most 
sand.  In  marsh  sediments,  total  solids  were  lower,  with  values  at  the 
reterenee  marsh  slightly  lower  than  those  at  the  experimental  marsh. 

W i th i n-st rat um  and  bet ween-st rat  a variations  were  similar  at  both  sites 
( K i gure  IS). 


14  . Surface  deposits  (t  op  1 to  2 cm)  were  very  watery  and 
exhibited  thixotropic  properties  when  disturbed  In  the  low  marsh  (K2, 
K2),  subtldal  areas  within  the  marsh  ( K.4 , R4 ) and  mud  I lat  ( Kt> , K3). 

The  surtace  sediments  in  I he  high  marsh  (Kl  KI)  were  very  plastic  and 
resembled  waterlogged  soil. 

13.  Volatile  solids  concentration,  an  estimate  ot  organic  matter 
in  sediments,  was,  as  with  total  solids  concentration,  directly  related 
to  t ht1  amount  ot  sand  in  the  sediment  and  also  to  the  amount  of 
detritus.  Volatile  solids  concentrations  were  higher  at  the  reference 
site  than  at  the  experimental  site  indicating  the  more  deposit  tonal 
nature  ot  the  reference  site  sediments  which  have  had  many  years  to 
accumulate  organic  material  trout  the  marsh  plants  and  allochthonous 
sources.  The  correlation  between  volatile  solids  and  detritus  content 
was  significantly  positive  (oKO.Ol)  for  all  seasons  and  ranged  from 
0.57  in  = 33)  in  January  to  0.90  (n  = 37)  in  April  at  the  reference 
site  and  at  the  experimental  site  ranged  from  0.70  (n  « 45)  in  July 
197b  to  O.bO  in  = 44)  in  January.  The  wi thln-stratum  and 
bet ween-st rat  a variations  were  higher  at  the  reference  site  than  those 
at  the  experimental  site  (Figure  15). 

Klevation  and  inundation 

tb.  Detailed  topographic  data  were  available  t tom  the  Corps  ot 
Engineers  tor  the  experimental  site.  This  allowed  determination  ol  the 
elevation  of  each  replicate  sample  (Table  2).  However,  the  areal 
extent  ot  the  subtldal  stratum  (K4)  was  very  small  and  did  not  appear 
clearly  interpretable  from  the  survev  charts.  Also,  much  of  the  low 
intertidal  area  around  the  dike  (K7)  was  outside  the  survey  limits. 
Thus,  t he  elevations  of  samples  from  these  two  strata  could  not  be 
quantitatively  compared.  Almost  all  replicates  from  stratum  K7  were 
taken  front  approximately  0.25  m above  Corps  of  Engineers  low  water. 
Subtldal  areas  (K4)  were  defined  based  on  continuous  inundation;  thus, 
elevations  in  this  stratum  were  lower  than  those  itt  the  low  marsh  (1'7). 
However,  the  difference  between  the  two  strata  could  not  be  quant  it  led. 

17.  Because  the  replicate  samples  were  randomly  placed  within  a 


stratum,  tin-  average  elevation  ol  sampling  sites  within  a stratum  also 
varied  somewhat  from  collection  to  collection.  A more  representative 
average  elevation  ot  each  stratum  was  obtained  by  computing  the  mean 
elevation  ot  all  seasonal  samples  within  the  stratum.  The  average 
elevation  ot  samples  from  the  high  marsh  (HI)  was  0.9b  m;  from  the  low 
marsh  (K.2),  0.7.1  m;  from  the  high  intertidal  mud  t lat  (Kb),  0.64  m;  atic 
from  the  low  intertidal  mud  flat  (Kb),  0.40  m.  Replicates  I rom  the 
subtidal  areas  were  probably  0.05  to  0.25  m lower  than  those  t rom  the 
tow  marsh.  The  Corps  ot  engineers  also  operated  a tidal  gage  nearbv  oi 
the  mainland  shore  and  was  able  to  protect  these  tidal  data  to  estimate 
the  percent  ot  time  and  a given  elevation  interval  was  inundated.  The 
average  time  that  each  stratum  w.ts  inundated  varied  with  season.  Kor 
the  first  four  sampling  periods,  t lie  average  percentages  ot  time' 
inundated  were  (tide  data  tor  dulv  1977  w>  re  not  available): 
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was  frozen  and  inoperative  for  about  2/1  ot  January.  April  estimates 
are  from  I March  to  29  March. 

19.  The  seemingly  slight  change  in  elevation  between  the  high 
(HI)  and  low  marsh  (K2)  ((>.21  m)  was  suit  teient  to  cause  almost  a 
doubling  in  the  percent  of  time  that  the  low  marsh  was  covered  with 
water.  The  0.2b  m change  in  elevation  between  the  high  and  low 


intertidal  mud  tlats  increased  inundation  time  on  the  average  by  onlv 
42  percent . 


40.  in  winter,  tides  are  general Iv  lower  and,  depending  on  wind 


conditions,  elevations  that  are  subtidal  most  of  the  time,  can  be 
exposed  for  several  hours.  This  is  reflected  in  the  lower  percent  of 
time  Inundated  for  all  strata  in  January. 

Compos i t ion  of  macrobenthos 

41.  A complete  list  of  taxa  collected  in  macrobenthos  samples  is 
given  in  Table  3;  the  qualitative  occurrence  of  each  taxon  by  stratum 
and  season  is  given  in  Appendix  B',  and  complete  abundance  data  are 
included  in  Appendix  C'.  The  fauna  was  qualitatively  and 
quantitatively  dominated  by  tubificid  oligochaetes  and  larval 
chironomid  insects  (Table  4).  The  oligochaetes  were  the  most  abundant 
animals  at  both  experimental  and  reference  sites.  The  insects  were  the 
most  diverse,  and  they  included  many  species  which  were  relatively  rare 
or  seasonally  abundant.  The  oligochaetes,  on  the  other  hand,  comprised 
fewer  species  which  tended  to  be  ubiquitous  and  constant  in  occurrence. 

43.  of  the  75  species  collected,  29  occurred  in  at  least  6 
percent  of  the  samples  in  any  collection  period  (Table  5).  Eleven  of 
tiiese  were  oligochaetes  and  six  were  chi ronomids.  Although  seasonality 
of  occurrence  was  apparent  for  some  species,  e.g.  the  bivalve  Corbicula 
mani  lensis  and  the  chi ronomids  hie  rot  endl pes  nervosus  and  Tanypus  spp., 
most  of  the  common  species  had  a relatively  consistent  frequency  of 
occurrence  over  the  study  period. 

43.  In  terms  of  abundance,  the  oligochaetes  outnumbered  all 
other  taxa  by  four  to  one,  and  the  genus  Llmnodr 1 lus  accounted  for  over 
80  percent  of  all  of  the  oligochaetes.  The  molluscs  were  also 
dominated  by  one  species,  Corbicula  mani lensis , which  accounted  for  82 
percent  of  all  molluscs.  The  other  major  taxonomic  group, 

Chi ronomidae , did  not  have  one  outstanding  dominant  genus.  Chironomus 
and  Tanypus  were  most  abundant,  but  many  other  genera  were  close  in 
abundance . 

Habitation  depth  of  macrobenthos 

44.  The  top  10  cm  of  the  93  cores  taken  in  July  197b  yielded 
8440  individuals  in  50  taxa.  Partial  analysts  (35  of  93  core  samples) 
of  the  bottom  10  cm  of  the  cores  found  only  571  individuals  in  18  taxa. 
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The  Individuals  found  In  the  10-  to  20-cm  interval  were: 


1 


Probable  Cent  ami nant s 


IMiysa  sp.  3 
isotomidae  2 
Gamma rus  fasciatus  2 
Tan vp us  sp.  3 
1)1  e rot  end  i pes  nervosus  3 
Coo lotanvpus  soapularis  1 
Chi ronomus  spp.  8 
Cryptocht  ronomus  spp.  1 
Corbicula  manilensis  8 


Potentially  Deep  Ini  anna 


Limnodrllus  spp.  263 
Limnodr 1 lus  hoffmelsterl  6h 
Llmnodr i lus  cervix  4 
1 lyodr 1 lus  templetonl  73 
Branchiura  sowerby i 47 
Peloseolex  mu  1 1 i se t osus  78 
Peloseolex  f reyi  3 
Nats  spp.  3 
Knchy t raeidae  3 


Nine  of  these  18  taxa  represented  by  31  individuals  represented  obvious 
contamination  1 rom  the  surface  fauna  since  they  are  epifaunal  or  can 
live  only  near  the  sediment  surface.  It  is  also  doubtful  that  many  of 
tlu'  n.iids,  enchy  t rae  ids , and  smaller  tubificids  found  in  the  lower  10 
cm  actually  lived  this  deep.  Only  57  of  the  540  individuals  that  were 
potential  deep  infaunal  species  were  large  mature  worms  that  burrow 
deeper  than  10  cm.  The  483  smaller  worms  were  probably  within  the  top 
6 cm  of  the  sediment.  Handling  and  splitting  the  unconsolidated 
sediments  in  the  field  were  the  most  likely  causes  of  contamination. 
Thus,  it  appeared  that  at  least  85  percent  and  probably  a much  higher 
proportion  (as  much  as  97  percent)  of  the  macrofauna  lived  in  the  top 
10  cm  of  sediment.  Based  on  this  information,  core  samples  during 
subsequent  sampling  periods  were  taken  to  a depth  of  10  cm. 

Abundance  of  macrobenthos 

45.  Densities  of  total  macrobenthos  are 
and  season  in  Table  6.  Overall  mean  densities 
isted  below  in  terms  of  numbers  of  individuals 


summarized  bv  stratum 
for  each  stratum  are 
per  m^-: 


A 


I 
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K4 
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KS 

231  3 

K3 

2374 

Kb 

20b  3 

K7 

1000 

KS 

218b 

Densities  were  generally  greater  within  the  marshes  than  on  surrounding 
bottoms.  in  particular,  the  low  marsh  and  subtidal  bottoms  within  t he 
experimental  marsh  were  characterized  bv  densities  of  macrobenthos  much 
higher  than  those  in  adjacent  habitats  and  in  comparable  habitats  at 
the  reference  site.  Densities  in  both  high  and  low  marsh  were  higher 
titan  those  on  unvegetated  bottoms. 

it'.  Examination  of  population  density  data  for  the  most  abundant 
species  (Figures  lb-20)  indicates  that  , despite  the  obviouslv  large 
variance,  there  were  many  significant  differences  between  strata  and 
seasons.  These  patterns  essentially  conform  to  those  described  above 
in  terms  of  mean  densities  ot  total  macrobenthos.  For  example,  during 
most  seasons  the  most  abundant  taxon,  himnodrilus  spp.  (mainlv  immature 
l.imnodrilus  hot f me i st er i ) , had  mean  densities  significantly  higher  in 
the  low  marsh  and  subtidal  habitats  within  the  experimental  site  (K.2 
and  K4  ) than  in  habitats  outside  ot  the  marsh.  However,  the  pattern 
foi  mature  l.imnodrilus  hotlmeisterf  was  less  clear  cut.  Other  abundant 
ol igochaetes , llyodrilus  templetoni  and  Hranchiura  sowerbyi,  were  also 
significantly  (a<0.0‘j)  less  abundant  in  habitats  outside  of  the  two 
marsh  systems  (E5,  Kb,  F.7,  and  Kb).  Only  one  abundant  species,  the 
bivalve  Oorbtcula  manilensts,  showed  significantly  higher  densities  in 
these  strata  outside  ot  the  marshes  (ci<0,iV>). 

47.  The  differences  in  total  macrobenthos  densities  between 
comparable  habitats  at  the  reference  and  experimental  sites  and  between 
seasons  were  mainly  the  result  ol  differences  in  oligochaete  population 
densities.  Low  marsh  and  subtidal  habitats  at  the  experimental  site 
(K2,  K4 ) had  significantly  denser  populations  ol  l.imnodrilus  spp.  and 
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Branchiura  .sower by  1 than  at  the  reference  site  (R2,  R4)  during  July  and 
November  197b  and  July  1977.  On  the  other  hand,  differences  during 
winter  and  spring  were  mostly  nonsignificant  and  In  several  instances 
significantly  higher  densities  of  some  oligochaetes  taxa  were  found  at 
the  reference  site  during  winter  (a<0.05). 

Biomass  ot  macrobenthos 

•'(8.  Dry  weight  biomass  data  are  presented  in  Appendix  O'  and  are 
summarized  in  Table  7.  Analysis  of  variance  of  the  total  dry  weight 
biomass  between  sites,  seasons,  and  strata  indicated  that  biomass  was 
higher  at  the  experimental  site  (ct<0.00l)  and  there  were  differences 
between  strata  (a<0.00l).  However,  there  were  no  differences  between 
t he  five  seasons  (n<0.0S).  Variability  between  replicates  caused  by 
the  occurrence  of  large  individuals,  mainly  Corbicula  and  tabanid  and 
tlpulid  Insect  larvae,  tended  to  obscure  any  seasonal  trends  so  that 

although  there  were  reduced  densities  in  the  winter  and  spring  there  p 

was  no  general  reduction  in  biomass.  Second-order  (or  two-wav) 

interactions  between  sites  and  seasons  and  sites  and  strata  were 

signit  leant  (n<0.001),  indicating  that  when  considered  separately  there 

were  differences  at  each  site  within  strata  and  between  seasons. 

lowest  biomass  at  the  experimental  site  occurred  in  January,  but  at  the 

reference  site  the  highest  biomass  was  found  in  January.  This  was  due 

to  t lie  overwintering  of  large  insect  larvae  at  the  reference  site  which 

were  absent  from  the  experimental  site  (see  Appendix  D'  and  Table  7). 

Other  comparisons  of  the  sites  can  be  made  from  the  mean  seasonal 
biomass  values  (mg  dry  weight  7lb0  cm*-): 


Jul  '7b 

Nov 

Jan 

Apr 

Jul  '7 

Kxperi mental  Site 

27.7 

29,8 

14.8 

40.0 

‘>8.3 

Reference  Site 

8 . b 

2 0.0 

33.0 

17.6 

20.8 

Biomass  was  generally  less  spatially  variable  and  less  prone  to 
seasonal  fluctuations  at  the  reference  site  than  at  the  experimental 
site. 


4 9 . Higher  biomass  was  generally  t mind  within  the  marshes 


compared  to  bottoms  outside  of  the  marsh.  At  the  experimental  site, 
biomass  In  the  low  marsh  (K2)  and  in  subtldal  areas  within  the  marsh 
(K4)  was  much  greater  than  outside  of  the  dike  (Kb,  Kb,  and  K7 ) . 
Similarly,  biomass  in  the  high  and  low  marsh  strata  (R1 , R2)  at  the 
reference  s i t e was  higher  than  in  nonvegetated  bottoms  at  the  site, 
biomass  was  similar  in  comparable  habitats  between  experimental  and 
reference  sites  except  for  the  low  marsh.  Average  biomass  at  the 
experimental  site  was  about  three  times  that  at  the  reference  site,  and 
in  subtidal  areas  within  the  marshes  (K4,  R4)  biomass  was  four  times 
greater  at  the  experimental  site. 

bO.  Oligochaetes  were  the  most  consistent  contributors  to 
biomass.  They  occurred  in  every  stratum  during  every  season  and 
accounted  for  4b  percent  of  the  total  dry  weight  biomass  (Figure  21, 
Table  7). 

51.  Attempts  to  correlate  biomass  of  macrobenthos  with  sediment 
parameters  were  inconclusive.  This  was  largely  due  to  the  high 
variance  of  biomass  estimates.  Oligochaete  biomass  was  less  variable 
than  total  biomass  and  was  generally  positively  related  to  organic 
material  (volatile  solids)  and  negatively  related  to  percent  sand  in 
sediments.  However,  because  of  the  high  variability  correlations  were 
se 1 dom  s i gn i t i cant . 

Species  diversity  of  maerohenthos 

52.  Data  for  II’  species  diversity,  areal  and  numerical  species 
richness,  and  evenness  measures  are  fully  listed  in  Appendix  K'  and  are 
summarized  in  Table  b. 

VI.  Analysis  of  variance  of  If  species  diversity  by  site, 
stratum,  and  season  indicated  there  was  strong  three-wav  interaction 
(a^ 0.004 ) which  made  interpretation  of  main  effects  very  difficult. 
Nonetheless,  a comparison  of  means  reveals  some  important  trends  among 
habitat  strata  and  with  season. 

54.  Species  diversity  at  the  experimental  site  tended  to  be  high 
during  the  summer  (duly  197b  and  1977)  and  low  in  January  and  April. 

At  the  reference  site,  on  the  other  hand,  diversity  was  lowest  in 


summer  and  highest  in  winter.  Diversity  at  the  reference  site  was  less 
affected  by  seasonality.  Mean  H'  was  higher  at  the  reference  site  than 
in  comparable  habitats  at  the  experimental  site: 
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E7 
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R5 

1.65 

Within  the  sites  there  was  no  clear  pattern  of  H'  among  the  habitat 
strata . 

55.  There  were  no  concordant  changes  in  the  evenness  or  species 
richness  components  of  species  diversity  with  season.  Generally, 
evenness  and  richness  declined  in  January  at  the  experimental  site, 
while  evenness  increased  and  richness  decreased  at  the  reference  site. 
The  greater  H'  values  at  the  reference  site  were  reflections  of  both 
higher  evenness  and  greater  areal  and  numerical  species  richness.  The 
reference  site  had  a qualitatively  richer  macrobenthic  fauna  than  did 
the  experimental  site,  although  all  species  found  exclusively  at  the 
reference  site  were  rare  and  never  abundant. 

Numerical  classification  of  macrobenthos 

56.  Because  of  the  large  number  of  replicate  samples  (A51),  the 
data  were  grouped  by  seasons  and  strata  yielding  56  collections:  the 
11  habitat  strata  for  5 seasons  (12  strata  for  July  1976).  These  55 
collections  were  subjected  to  numerical  classif icatory  analyses  to 
determine  relationships  of  the  communities  among  habitats,  sites,  and 
seasons . 

57.  The  normal  analysis,  with  all  species  included,  separated 

the  collections  into  five  main  groups  (Table  8):  1)  a large  group  made 

up  of  all  the  reference  site  collections  except  along  the  sandy  shore 
(R5);  2)  and  3)  groups  made  up  mainly  of  collections  from  the  sandy 
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shore  areas  (E7  and  K5);  4)  a group  of  collections  from  the  experi- 
mental site  which  had  certain  similarities  to  those  from  the  reference 
site;  and  5)  a group  composed  mainly  of  collections  from  the 
experimental  high  and  low  marsh  (El  and  E2).  The  classification  of 
collections  indicates  that  there  were  important  differences  in  the 
composition  of  the  macrobenthos  at  the  experimental  and  reference 
sites,  paralleling  the  differences  in  abundance  and  biomass  described 
above . 

58.  Within  the  reference  site  there  was  no  clear  separation  of 
collections  among  the  strata,  except  the  sandy  shore  (R5)  which  grouped 
with  the  comparable  habitat  at  the  experimental  site  (E7),  or  seasonal 
collections.  This  indicates  a basic  homogeneity  of  the  community 
within  the  reference  marsh.  The  two  main  groups  of  collections  from 
the  experimental  site  groups  (4  and  5)  were  heterogeneous  in  their 
inclusion  of  a combination  of  strata  and  seasons.  Only  collections 
from  the  sand  and  gravel  intertidal  habitat  (E7  and  R5)  were  suf- 
ficiently distinct  to  form  a separate  group  of  collections  from  all 
five  sampling  periods. 

54.  The  inverse  analysis  of  species  distribution  patterns  was 
performed  on  a reduced  data  set  to  eliminate  effects  of  rare  species 
which  tend  to  group  together  only  because  they  have  rarity  in  common 
(Boesch  1977).  Species  which  occurred  in  less  than  9 percent  of  the  55 
collections  were  not  included.  This  left  a total  of  42  species  and 
excluded  33  species. 

60.  Six  species  groups  were  separated  in  the  inverse 
classification  (Table  9).  Species  in  group  A were  the  numerically 
dominant  species  at  both  experimental  and  reference  sites,  they  are 
also  characteristic  and  dominant  in  the  James  River  proper.  Species 
group  B was  composed  of  species  that  were  characteristic  of  the  sandy 
habitats  at  the  experimental  site  (E5,  E6 , E7)  in  July  1977.  Group  C 
species  were  generally  characteristic  of  the  sand  and  gravel  intertidal 
habitats  (E7  and  R5).  Group  D included  those  species  typical  of  the 
both  sites  excluding  the  sandy  shores  (E7  and  R5).  Group  E and  F 
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species  were  characteristic  of  the  reference  site. 

61.  There  were  groups  of  species  that  were  typical  of  both  the 
reference  and  experimental  sites,  reference  site  alone,  and  t lie 
high-energy  environments  (E7  and  R5),  but  there  was  no  group  that  was 
singularly  characteristic  of  the  experimental  site.  Croup  A,  composed 
of  dominant  species,  did  contain  3 species,  Branchiura  sowerbyi , 
Limnodri lus  cervix,  and  Tanypus  spp.,  that  were  more  frequent  and 
abundant  at  the  experimental  site;  however,  commonness  and  abundance  of 
these  species  at  the  experimental  site  caused  them  to  cluster  with  the 
other  dominant  species. 

Macrobenthos  of  the  open  James  River 

62-  The  macrobenthos  of  a reference  station  in  the  open  James 
River  near  the  reference  site  at  a depth  of  approximately  1 m below  low 
water  was  sampled  throughout  the  period  of  study.  This  site  was 
monitored  during  July  to  November  1976  as  part  of  a study  of  the 
effects  of  open-water  dredged  material  disposal  (Diaz  and  Boesch 
1977b).  During  subsequent  sampling  of  the  marsh  habitats  in  January, 
April,  and  July  1977,  core  samples  were  also  collected  at  this  site 
(Table  10). 

63.  The  assemblages  of  macrobenthos  collected  at  this  open-water 
site  during  1976-1977  were  essentially  similar  to  those  found  during 
1974-1975  in  the  Windmill  Point  area  (Diaz  and  Boesch  1977a).  The 
community  was  very  similar  in  composition  of  dominant  species  to  those 
found  in  the  experimental  and  reference  marsh  habitats.  The  only 
exception  was  the  dipteran  larva  Coelotanypus  scapular is  which  was  much 
more  abundant  in  the  open  river  than  at  the  marsh  sites.  The  density 
and  biomass  of  macrobenthos  at  the  open-water  site  were  similar  to 
those  found  on  the  muddy  intertidal  habitats  of  strata  E5  and  E6  at  the 
experimental  site;  thus,  they  were  generally  lower  than  those  found 
within  the  marsh  habitats. 

Effects  of  predator  exc losure 

64.  An  experiment  was  conducted  ancillary  to  routine  sampling  in 
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order  to  determine  the  effects  of  predation  by  birds  and  fishes  on  the 
macrobenthos.  Intensive  utilization  of  intertidal  habitats  by 
shorebirds,  gulls,  and  waterfowl  had  been  observed,  and  it  was  further 
presumed  that  predation  by  fishes  might  also  occur  at  high  tide.  A 
0.25-m~  cage  frame  covered  with  6-mm  galvanized  wire  mesh  identical  to 
those  used  by  Virnstein  (1977)  was  emplaced  in  the  low  intertidal  flat 
(E6)  in  November  1976.  Other  cages  placed  in  strata  E4  and  E5  were 
lost  or  destroyed.  The  enclosed  bottom  was  sampled  in  July  1977.  Data 
resulting  from  analyses  of  macrobenthos  are  included  in  Appendixes  C' 
and  D1  . 

65.  One  undesired  result  of  caging  in  soft  sediment  habitats  is 
that  sediments  may  be  artificially  stablized  and  consequently  become 
finer  when  enclosed  by  a cage  structure  (Virnstein  1977).  Sediments 
within  the  cage  in  July  1977  were  49.8  percent  sand,  31.0  percent  silt, 
and  19.2  percent  clay.  Total  solids  content  was  65.2  percent,  and  the 
concentration  of  volatile  solids  was  5.9  percent.  The  sand  content 
fell  below  and  the  clay  content  and  volatile  solids  concentration  fell 
above  the  95  percent  confidence  limits  for  the  means  for  stratum  E6  in 
July  1977  but  were  within  the  ranges  observed  for  these  parameters  in 
this  stratum. 

66.  The  exclosure  contained  many  more  small  Corbicula  and  large 
oligochaetes  (mainly  Branchiura)  than  the  surrounding  bottom.  The 
total  density  of  macrobenthos  was  over  three  times  higher  in  the 
exclosure  than  on  the  unprotected  flat,  and  the  species  richness  and 
diversity  were  also  elevated.  However,  perhaps  the  most  dramatic 
effect  was  the  great  increase  in  biomass  in  the  predator  exclosure. 

Mean  biomass  within  the  cage  was  1024  mg  dry  weight/160  cm^,  which  was 
44  times  higher  than  the  mean  for  the  low  intertidal  mud  flat  (E6)  in 
July  1977.  This  was  due  to  the  much  larger  size  of  animals  in  the 
exclosure.  Mean  weight  of  Corbicula  was  34.84  mg/individual  compared 
to  1.81  mg/ individual  and  for  oligochaetes  was  1.74  mg/ individual 
compared  to  0.01  mg/individual  for  the  mud  flat  (E6). 
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Compos  i t ion  .uni  abundance  of  me Jo bent _hos 

t’7.  Meiobenthos  samples  were  collected  along  with  the 
macrotaunal  samples  In  .hily  Il)77  alter  analysis  of  lish  food  habits 
revealed  that  several  species  of  fish  wore  feeding  on  meiofauna.  The 
single  sampling  period  for  meiobenthos  obviously  does  not  give  an 
indication  of  seasonal  fluctuation  but  was  designed  to  provide  an 
accurate  representation  oi  species  densities  and  distribution  patterns 
at  both  sites. 

b8.  A total  of  3748  Individuals  and  74  species  was  found  in  the 
88  cores  collected  tor  meiobenthos  (Table  II  and  Appendix  K1).  These 
individuals  and  species  represented  but h small  individuals  ot 
macrotaunal  species  passing  through  a ‘>00-  m sieve  (so-called  temporary 
meiofauna)  and  true  (permanent)  meiofauna!  species.  Approximately  14 
percent  of  t he  individual-  representing  78  of  the  74  species  in  the 
samples  were  small  individuals  of  the  macrofauna.  All  of  these  species 
were  also  taken  in  the  samples  collected  for  macrobenthos  (Table  17). 

t>d . Densities  of  permanent  meiobenthos  ranged  from  a mean  of 
approximately  24  to  30/10  cm-’  in  the  sand-gravel  habitats  ( K 7 and  R4) 
to  nearly  200/10  cm-  on  the  intertidal  flat  (Kb).  Densities  within  the 
marshes  were  approximately  100  to  1 St)  individuals/ 10  cm-’ . As  with  the 
macrobenthos,  densities  of  meiobenthos  were  generally  higher  in  tin1  low 
marsh  and  subtidal  bottoms  within  the  experimental  marsh  (K2  and  1.4) 
than  within  the  reference  marsh  (R2  and  K4). 

70.  Nematodes  were  the  most  abundant  meiofauna!  animals, 
accounting  for  44  percent  of  the  individuals  collected  in  the  samples. 
Oladocerans  (11  percent),  oligochaetes  (10  percent),  copepods  i. '* 
percent),  and  ostraeods  (8  percent)  were  also  abundant.  (' Induce  runs 
were  represented  bv  the  most  species  (14),  followed  by  oligochaetes 
(13)  insects  and  acarids  (12),  nematodes  (11),  and  copepods  (10).  More 
species  were  found  at  the  reference  site  than  at  the  experiment.il  site, 
particularly  cladocerans  for  which  10  of  the  14  species  were  only  found 
at  the  reference  site  (Table  13). 

71  . Indices  of  species  diversity  ot  the  meiobenthos  are  listed 
in  Appendix  O'  ami  summarized  in  Table  14.  These  show  a pattern  very 
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similar  to  that  for  macrobenthos.  II'  diversity  and  species  richness 
were  higher  within  the  marsh  than  in  surrounding  habitats  and  were 
generally  higher  in  habitats  at  the  reference  site  than  in  comparable 
habitats  at  the  experimental  site. 

72.  Normal  classification  of  the  combined  collections  within 
strata,  using  all  species  in  the  analysis,  primarily  separated 
collections  t rom  the  experimental  site  from  those  of  the  reference  site 
(i.e.  the  final  fusion  of  the  agglomeration  combined  experimental 
strata  in  one  group  and  reference  strata  in  another  group).  Within  the 
experimental  site  cluster,  collections  from  the  sandy  habitats  (Kb  and 
1.7)  were  grouped  together  as  were  collections  within  the  experimental 
site  (K2,  K.4 , and  KS).  Within  the  reference  site  cluster,  the 
collection  from  the  sandy  habitat  (,  K ) was  separated,  and  collections 
I rom  the  vegetated  areas  (Kl  and  K2)  were  grouped  together. 

If 

7).  inverse  classification  was  applied  to  those  species  which 
occurred  in  at  least  two  of  the  strata.  The  classification  produced 
three  groups  of  species  primarily  characteristic  of  the  experimental 
site,  three  primarily  characteristic  ot  the  reference  s i t e and  one 
group  common  to  both  sites  (Table  IS").  Species  in  groups  A and  B were 
characteristic  of  many  collections  from  the  experimental  s i t e and  were 
also  found  in  reference  high  and  low  marsh  strata  (Kl  and  K7 ) . Group  (’ 
species  were  typical  ot  the  inter; idal  mud  flat  (Kb)  and  sandy  shore 
(K7).  Species  in  group  1)  were  characteristic  of  collections  from 
strata  Kl,  R2,  and  Kb.  Species  in  groups  K and  K were  found  in  strata 
Kl  and  R4.  Group  G contained  the  more  ubiquitous  and  abundant  species. 

Natural  history  ot  meiotauna 

74 . Copepods  were  found  in  all  habitats  ol  both  sites,  with  the 
eve lopo id  species  greatly  outnumbering  the  harpact tcoids.  CM  the 
cyclopold  species,  the  only  ones  considered  to  be  true  benthic  dwellers 
are  Paracyc l ops  aft  infs  and  Ka racy c lops  fimbriatus,  both  ol  which  are 
morphologically  adapted  to  creeping  among  weeds  or  muddy  bottoms.  The 
remaining  cyclopold  copepods  were  more-or-less  tree-swimming  planktonic 
forms.  However,  these  later  forms  were  as  prevalent  throughout  all 
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str.it. i sampled  as  the  creeping  benthic-dwellers.  The  harpacticold 
species  encountered,  mostly  canthocampt Ids , are  all  considered  to  he 
adapted  to  benthic  lile  In  the  muddy  bottoms  of  lakes,  seasonal  ponds, 
and  ditches.  Copepods  made  up  approximately  20  percent  ol  the 
permanent  meiotauna  . 

75.  Cladocerans  were  found  In  all  strata  except  the  high  marsh 
(El),  and  the  reason  for  their  exclusion  from  this  habitat  is  unknown 
at  this  time.  The  Stdidae,  Bosmtnidae,  and  Daphinidae  were  present 
only  at  the  reference  marsh  although  several  of  these  taxa  are  well 
represented  in  the  plankton  of  t lie  limnetic  James  Kiver  (Burbidge 
1*174).  The  remaining  species  encountered  were  in  the  families 

Mac  rot  hr i c idae  and  Chydoridae,  known  to  frequent  shallow,  weedy 
backwaters.  Of  these,  1 1 yoc rypt us  is  the  best  adapted  to  benthic  lile 
and  was  t lie  most  frequently  encountered  cladoceran.  These  species  live 
in  the  sediment  or  creep  around  on  vegetation,  camouflaging  themselves 
with  mud  and  detritus  attached  to  t lie  carapace. 

76.  Ostracods  were  encountered  in  all  strata  except  t lie  sandv 
shore  (E7).  D.irwitiula  Stevenson  i was  found  only  at  t he  reference  site, 
where  it  was  present  in  every  stratum.  Perhaps  it  lias  not  yet 
colonized  the  island.  Ostracods  made  up  about  S percent  ot  t lie  total 
individuals  found  at  the  experimental  site  and  20  percent  of  those  at 
the  reference  site. 

77.  The  nematode  assemblage  can  best  be  described  in  terms  ot 
Wieser's  (1*)V1)  classification  by  feeding  type  as  indicated  by  their 
buccal  morphology.  Two  feeding  types  were  found  at  both  sites. 

Species  in  type  IB,  deposit  feeders,  which  includes  all  ol  the 
Monohyster idae , were  i omul  to  constitute  the  largest  percentage  ot  all 
nematodes  encountered  at  the  sites  and  occurred  in  all  strata.  Species 
of  type  2B,  predators  and  omnivores,  including  the  Dory  la i mi dae  and  the 
genus  Anatonclms , were  found  in  all  strata  of  the  experimental  site, 
but  in  fewer  numbers  than  at  t lie  reference  marsh.  Predators/omnivores 
were  absent  from  the  coarse  sand-gravel  habitat  (KS).  The  other  genera 
found  in  this  study  were  of  indeterminate  feeding  type,  but  are 


probably  deposit  feeders,  and  were  relatively  few  in  number.  Nematodes 
made  up  from  60  to  90  percent  of  all  meiofaunal  individuals  at  the 
experimental  site,  and  from  10  to  50  percent  at  the  reference  site. 

78.  Tardigrada  were  encountered  most  heavily  in  the  high  marsh 
strata  of  both  sites.  High  concentration  of  these  cryptobiotic  animals 
is  a reflection  of  their  association  with  vegetation  or  detrital 
"litter"  on  the  sediment  surface  in  the  high  marsh. 

Estimated  biomass  of  meiobenthos 

79.  Biomass  of  meiobenthos  was  not  directly  measured  but  was 
estimated  from  abundance  data  by  using  stereotyped  values  for  mass  per 
individual  for  the  various  taxa.  These  values  were  obtained  by 
determining  the  dry  weight  of  a known  number  of  representative 
individuals  or  in  some  cases  from  the  literature.  Since  the  mass  per 
individual  can  vary  widely,  only  crudely  rounded  conversion  factors 
were  used.  The  following  values  were  used:  Nematoda  (1  ug/ indi- 
vidual), Cladocera  (7  yg/ individual ) , Copepoda  (5  pg/individual) , and 
Ostracoda  (10  pg/ individual ) . These  numbers  tend  to  be  somewhat  higher 
than  those  most  commonly  presented  in  the  literature  (e.g.  Gerlach 
1971;  Stripp  1969;  Juario  1975;  Ankar  and  Klmgren  1976),  primarily 
because  of  the  larger  sieve  size  employed  in  this  study  (125  urn). 

80-  Estimates  of  mean  biomass  are  presented  in  Table  16  for  each 
stratum  and  for  each  taxon  of  the  permanent  meiofauna.  Whereas 
nematodes  were  usually  the  numerical  dominants,  crustaceans  usually 
dominated  the  biomass.  Nematodes  were  important  contributors  to 
biomass  in  the  marsh  habitats  at  the  experimental  site  (El  and  F.2)  and 
on  the  tidal  flat  at  the  experimental  site  (E5  and  E6).  Nematode 
biomass  was  lower  at  the  reference  site. 

81.  Crustaceans  strongly  dominated  the  biomass  at  the  reference 
marsh,  where  crustacean  biomass,  and,  thus,  total  meiofauna  biomass  was 
much  larger  than  at  the  experimental  site.  Ostracods  were  most 
important  in  the  high  and  low  marsh  (HI  and  R2)  and  copepods  and 
cladocerans  in  the  low  marsh  and  subtidal  channels  (R2  and  R4). 

82.  The  pattern  of  the  meiobenthos  biomass  contrasted  sharply 
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with  that  of  the  macrobenthos.  Meiobenthos  biomass  was  higher  in  the 
reference  marsh  strata  while  macrobenthos  biomass  was  much  higher  in 
the  experimental  marsh  strata,  expecially  during  t fie  summer  when  the 
meiobenthos  samples  were  taken.  Biomass  of  inactobenthos  in  July  1977 
was  higher  than  that  estimated  for  meiobenthos  in  all  habitat  strata. 
Within  the  experimental  marsh  estimated  biomass  of  meiobenthos  was  5 to 
10  percent  of  that  for  macrobenthos.  However,  at  the  reference  marsh 
(R1  , R2 , R4),  biomass  of  meiofauna  was  32  to  80  percent  of  that  of 
macrobenthos.  This  was  due  to  the  higher  meiobenthos  biomass  and  lower 
macrobenthos  biomass  at  the  reference  marsh. 

Di scussi on 


Kf fectiveness  of  sampling  design 

83.  The  stratified  random  sampling  scheme  was  selected  because 
it  seemed  the  most  efficient  design  to  sample  the  heterogeneous  but 
identifiable  habitats  at  the  sites  in  a nearly  unbiased  manner. 

Strictly  random  sampling  would  have  under-censused  the  limited  but 
important  habitats  such  as  the  high  marsh  and  subtidal  channels  in  the 
marsh.  Furthermore,  it  would  not  have  allowed  comparison  of  comparable 
habitats  between  the  sites  which  was  a central  aim  of  the  study  design. 
Systematic  sampling  might  have  better  allowed  mapping  distributions  and 
correlation  with  environmental  variables;  however,  considerable  small 
scale  patchiness  existed  which  would  preclude  meaningful  mapping.  The 
central  aim  of  the  study  was  not  to  delineate  or  classify  benthic 
communities  but  to  characterize  the  benthos  of  the  perceived  habitats. 
Fixed-station  sampling  would  have  made  seasonal  comparisons  easier  but 
would  have  not  allowed  extrapolation  of  conclusions  to  the  entire 
sites. 

84.  The  a priori  division  of  the  sites  into  habitat  strata  based 
on  elevation,  vegetation,  and  gross  sediment  type  proved  effective  in 
that  important  differences  in  sediments  and  biota  were  demonstrated 
among  the  strata.  However,  variation  of  sedimentary  and  biotic 
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Parameters  within  strata  was  often  very  great,  and  the  differences 
between  some  strata  were  often  small  with  respect  to  this  variation. 

[ In  addition  to  natural  variability  in  the  distribution  of  populations, 

* this  was  due  to  the  gradational  rather  than  abrupt  changes  between  some 

contiguous  strata,  e.g.  the  high  and  low  intertidal  mud  flat  (F.5  and 
Kb),  and  tin*  mosaic  of  small-scale  habitat  conditions  in  others,  e.g. 
in  the  marsh  strata  (Kl,  K2 , Kl,  and  R2). 

8 5 . Differences  in  the  benthos  of  the  habitat  strata  were  best 
developed  during  both  of  tin*  summer  seasons  (July  197b  and  1977). 

Between-habi tat  differences  were  less  distinct  in  winter  and  spring 
when  the  benthos  were  less  dense  and  more  homogeneous.  The  gains  in 
precision  through  stratification  of  the  environment  before  random 
sampling  as  opposed  to  simple  random  sampling  are  only  expected  to  be 
great  when  there  are  large  differences  in  the  mean  and/or  variance  for 
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the  parameters  measured  (Ankar  and  Klmgren  1976).  Because  of  the  high 
w i t hi n-st rat urn  variance  and  because  of  the  ubiquitous  nature  of  the 
L benthos  in  these  habitats,  these  conditions  were  not  ideal. 

Benthos  ot  marsh  habitats 

86.  An  important  objective  in  the  studies  of  benthos  in  this 
habitat  development  project  is  to  compare  the  abundance,  productivity, 
and  resource  value  of  the  benthos  in  the  marsh  habitat  development  with 
that  of  the  natural  habitats  it  replaced.  The  site  of  the  dredged 
material  marsh  island  was  a shallow  bar  upriver  of  a small  island  on 
the  south  shoal  of  the  James  River.  The  pre-existing  island  and  bar 
were  themselves  products  of  dredged  material  disposal  resulting  from 
maintenance  dredging  of  the  navigation  channel  over  the  years. 

However,  material  had  not  been  placed  at  the  site  for  several  years, 
and  it  was  presumed  that  the  bar  was  ecologically  similar  to  other 
"natural"  shoal  habitats  in  the  river. 

87.  Macrobenthos  of  the  bar  and  surrounding  bottoms  was 
Intensively  sampled  in  November  1974,  just  prior  to  commencement  of 
construction  activities,  by  Diaz  and  Boesch  (1977a).  A 0.05-m-  ponar 
grab  was  used  rather  than  the  carers  used  in  this  study;  however  the 
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treat ment  ot  samples,  including  sieving,  sorting,  and  species 
determinations,  was  identical.  For  hose  stations  on  the  portion  of 
the  bar  claimed  bv  the  habitat  construction,  they  reported  .1  mean 
abundance  ot  macrobenthos  of  1%4  individuals/m'-.  On  the  lower  portion 
ot  t lie  intertidal  area  east  ot  the  island  (Kb),  there  was  a mean 
density  ot  2875/m-  in  November  197b.  However  significantly  higher  mean 
densities  (ot<0.05)  ot  5b25/nr  were  found  in  the  extensive  low  marsh  at 
the  experimental  site  (K2)  during  November  197b.  Densities  ot 
macrobenthos  in  the  marsh  during  the  summer  ot  197b  and  1977  were  much 
higher,  such  that  t lu-  overall  (all  seasons)  mean  density  was  8250/m-  in 
the  low  marsh  (K2)  and  b958/m-  in  the  subtidal  channels  in  the  marsh 
(E4).  These  were  the  only  two  habitat  strata  including  those  at  the 
reference  s i t e which  had  significantly  higher  densities  of  total 
macrobenthos  than  were  found  on  the  pre-construction  flat.  Dry  weight 
biomass  data  were  not  collected  bv  Diaz  and  Boesch  (1977a),  but  since 
the  communities  present  hot  h before  and  after  development  of  the  marsh 
were  very  similar  in  quantitative  composition  and  size  of  individuals, 
it  is  expected  that  the  patterns  of  macrobenthos  biomass  essentially 
parallel  those  of  dens i tv. 

88.  Any  ot  a number  of  factors  may  have  been  responsible  for  the 
greater  abundance  ot  macrobenthos  in  the  marsh.  Production  bv  the 
vascular  vegetation  may  have  increased  the  food  content  of  sediment 
deposits  which  provide  the  trophic  support  for  most  of  the  benthos. 
However,  increases  in  the  abundance  of  benthos  in  the  summer  preceded 
the  input  ot  this  production  to  the  sediments.  Other  increases  ot 
organic  material  may  have  been  due  indirectly  to  the  emergent 
vegetation,  which  during  the  growing  season  may  bv  a battling  effect 
cause  increased  sedimentation.  Shading  of  the  sediment  by  the  dense 
summer  foliage  ot  broad  leaved  t’ontederia,  I'd  tundra,  and  Sagitfaria 
may  have  allowed  less  extreme  high  temperatures  to  develop  on  the  marsh 
sediment  surface  than  on  unvegetated  tidal  flats.  Sediment 
stabilization  by  the  plants  mav  have  enhanced  the  survival  ot  infauna. 
Finally,  the  vegetation  mav  have  helped  protect  the  benthos  from 
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predation  by  tishes  and  birds  much  as  the  exclosure  cage  on  the  tidal 
t lat  caused  increase  abundance  of  macrobenthos.  In  this  regard,  it  is 
interesting  to  note  that  one  species  favored  by  the  exclosure 
experiment,  the  oligochaete  Branch  jura  sowerbyl , was  a common 
inhabitant  ot  the  marsh  while  it  was  usually  rare  on  the  unvegetated 
flat  and  it  is  in  the  open  river. 

89.  The  macrobenthos  within  the  reference  marsh  did  not  exhibit 
total  densities  substantially  greater  than  those  known  for  shallow 
bottoms  in  the  James  Kiver  (Diaz  and  Boeseh  1977a,  1977b).  However, 
densities  within  the  vegetated  portions  of  the  marsh  (strata  R1  and  R2) 
were  greater  than  on  nonvegetated  intertidal  bottoms  adjacent  to  the 
marsh.  The  very  t ine  sediments  which  characterize  the  reference  marsh 
may  have  been  responsible  for  the  lower  densities  of  both  macrobenthos 
and  meiobenthos  found  there. 

90.  The  macrobenthos  of  the  tidal  freshwater  James  River  is 
dominated  by  a reasonably  small  number  of  eurytoplc,  and  hence 
ubiquitous  species  (Diaz  1977;  Diaz  and  Boeseh  1977a).  It  is  not 
surprising  that  the  macrobenthos  of  the  experimental  and  reference 
marshes  was  quantitatively  very  similar  to  that  found  widely  in  the 
open  river.  The  dominant  annelids,  Limnodr i lus  spp.  (immature), 
l.imnodrllus  hoftme i st eri , and  1 lyodr i 1 us  tempe 1 1 on i , and  the  dominant 
mollusc  Corbi cu 1 a man i lens  is  in  the  river  were  also  dominants  in  the 
marshes.  Certain  common  species  in  the  open  river  such  as  the  larval 
Insects  Coelotanvpus  scapularis  and  Hexagon i a mingo  and  the  oligochaete 
l.imnodrllus  pro fundi col a were  rarer  in  the  marsh  habitats.  Conversely, 
several  species  commonly  found  in  marsh  habitats  during  this  study  were 
unknown  or  were  very  rare  in  the  open  river.  Notable  anv'ng  these  were 
several  larval  insects,  Chi ronomus  spp.  and  T a nv pus  spp.  among  the 
Chironomidae  and  tipulids,  tabanids,  and  eeratopogonids. 

91.  The  strong  quantitative  similarity  in  the  benthic  fauna  of 
the  experimental  and  reference  marshes,  the  tidal  flats,  and  the  open 
James  Kiver  contrasts  with  the  considerable  dissimilarity  of  the 
macrobenthos  of  planted  and  bare  dredged  material  shoals,  adjacent 
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creeks,  and  natural  marshes  reported  by  Cammen  (197ba,  197bb).  He 
studied  two  sandy  sediment  sites  In  North  Carolina,  one  in  a high 
salinity  (3b  ppt)  regime  and  the  other  mesohaline  (7  to  10  ppt),  where 
Spartina  alternitlora  had  bei-n  propagated  on  dredged  material. 


Abundance  of  macrobenthos  was  mi  . h higher  in  the  nonvegetated  creeks 

than  In  the  marsh  at  the  high,  salinity  site.  Sediment  trapping  by  the 

propagated  plants  raised  the  elevation  of  the  sediment  surface  causing 

the  development  ot  large  populations  of  larval  insects  which  were  rare 

at  lower  elevations.  Thus,  controlling  the  elevation  of  a dredged 

material  marsh  may  be  critical  not  only  tor  optimizing  the  growing 

conditions  ot  desirable  marsh  plants  but  also  for  the  development  of 

the  desired  benthos. 

Com par  1 son  ot  o x pe rime n ta 1 
and  reference  marshes 

92.  The  benthos  of  the  experimental  marsh  at  Windmill  Point  was 
different  in  several  respects  from  that  of  the  reference  natural  marsh 
on  Herring  Creek.  These  included  differences  in  species  composition, 
abundance,  and  biomass.  The  re  were  a number  of  species  of  macrobenthos 
and  meiobenthos  which  were  found  only  at  the  reference  marsh  and  a few 
found  only  at  the  experimental  marsh.  However,  the  dominant  components 
of  the  macrobenthos  and  meiobenthos  were  common  to  both  sites.  There 
did  exist  some  important  differences  in  relative  abundance  of  some 
important  species.  For  example,  the  ollgochaete  Pe loscolex 
mu  It  1 set  osus  was  consistently  abundant  at  the  reference  marsh  but  not 
elsewhere.  Several  meiofaunal  ostracods  were  also  abundant  only  at  the 
reference  marsh. 

93.  Greater  densities  of  macrobenthos  in  the  low  marsh  and 
subtidal  channels  of  the  experimental  site  than  in  comparable  habitats 
of  the  reference  site  were  apparent  in  the  summer.  Although  the  cause 
of  this  is  not  obvious,  it  is  possible  that  the  very  fine  sediments 
found  at  the  reference  marsh  created  conditions  more  stressful  for  the 
benthos.  Otherwise,  it  should  be  noted  that  important  differences 
between  the  marshes  existed  in  terms  of  vegetation,  water  drainage  and 


circulation,  fishes,  and  avifauna. 


Development  of  benthos 
following  marsh  construction 

94.  Over  1 year  has  passed  from  construction  of  the  retaining 
dike,  the  placement  of  dredged  material,  and  the  colonization  of  the 
experimental  site  by  marsh  plants  (spring  1975)  when  tills  study  began. 
However,  because  of  the  opportunistic  nature  of  the  fauna, 
establishment  of  the  existing  benthic  community  in  the  experimental 
marsh  occurred  very  rapidly,  at  least  by  the  fall  of  1975.  Thixotropic 
dredged  material  discharged  on  a shoal  on  the  northern  side  of  the 
James  River  across  from  the  experimental  site  in  July  1976  was  rapidly 
colonized  by  macrobenthos  within  weeks  (Diaz  and  Boesch  1977b).  By  4 
months  the  community  in  this  disposal  area  was  very  similar  to  that  at 
an  upriver  control  station. 

95.  The  long-term  fate  of  the  benthos  of  the  experimental  marsh 
is  uncertain  and  dependent  not  on  further  biological  accommodation  but 
on  modification  of  the  marsh  habitat.  Composition  of  the  dredged 
material  has  apparently  lowered  the  marsh  somewhat  since  construction. 
With  marsh  development,  however,  conditions  should  be  favorable  for 
deposition  of  new  sediments  which  should  compensate  for  subsidence. 

More  serious  is  the  erosion  of  the  protective  sand  dike  surrounding  the 
marsh.  During  the  period  of  this  study,  the  dike  on  the  western  and 
northern  perimeters  suffered  substantial  erosion,  and  there  were 
several  washovers  and  new  inlets  formed.  Should  a section  of  the  dike 
be  completely  removed,  the  very  fine  sediment  in  the  marsh  would  be 
susceptible  to  future  erosion. 

Production  of  benthos 

9b.  Determination  of  secondary  production  by  the  benthos  is  a 
notoriously  intractable  problem.  However,  in  order  to  understand 
potential  trophic  transfers  from  the  benthos  to  fishes  and  wildlife,  it 
is  necessary  to  consider  production  rather  than  the  static  properties 
of  standing  stocks.  The  direct  determination  of  production  from  the 
seasonal  sampling  of  macrobenthos  is  not  possible  because  of  the  lack 
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of,  or  difficulty  in  determining,  age  classes  of  most  species  and  the 
very  rapid  growth  and  reproduction  which  takes  place  in  these 
populations  of  opportunists. 

07*  An  analysts  is  thus  necessarily  reduced  to  estimating  rates 
of  biomass  turnover  coupled  with  measuring  the  standing  crop  to  develop 
crude  estimates  of  production.  Even  then  the  turnover  rates  must  vary 
widely  among  the  macrobenthic  and  meiobenthic  species  found;  published 
turnover  rates  are  often  not  based  on  sound  data.  An  attempt  was  made 
to  use  turnover  rates  for  the  various  taxa  which  may  not  be  absolutely 
accurate  but  which  are  believed  to  be  realistic  in  a relative  sense. 
Thus,  between-habi tat  and  between-taxon  comparisons  of  estimated 
production  rates  can  be  made. 

98.  The  standing  crop  values  used  in  the  production  estimates 
for  macrobenthos  are  the  means  of  July  1976  and  July  1977  biomass. 

These  values  represent  seasonal  maxima.  Only  July  1977  biomass  data 
are  available  for  meiobenthos  and  only  permanent  meiofauna  were 
considered  as  meiobenthos  producers.  The  production  of  those  small 
macrofaunal  individuals  collected  in  meiobenthos  samples  is  thought  to 
be  reflected  in  macrobenthos  estimates. 

99.  The  annual  rate  of  biomass  turnover  is  a function  of  the 
life  cycle  turnover  rate,  the  ratio  of  a cohort's  production  to  its 
standing  crop,  and  the  number  of  generations  or  cohorts  per  year 
(Gerlach  1971).  Waters  (1969)  found  from  examinations  of  published 
data  and  from  theoretical  considerations  that  life  cycle  turnover  rates 
for  freshwater  benthic  invertebrates  ranged  from  2.5  to  5.  All  of  the 
taxa  which  were  important  contributions  to  biomass  must  have  several 
annual  generations,  except  perhaps  the  molluscs.  Large  species 
generally  tend  to  have  a large  life  cycle  turnover  and  a few  annual 
generations,  while  small  meiofuanal  species  generally  have  a smaller 
life  cycle  turnover  and  many  annual  generations.  The  high  temperatures 
which  are  found  in  the  tidal  James  River  for  6 to  8 months  of  the  year 
undoubtedly  cause  shorter  generation  time  and  more  rapid  turnover 
(Gerlach  and  Schrage  1971)  than  is  suggested  in  most  of  the  literature 
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which  is  based  on  studies  in  cold  water  lakes  or  boreal  marine 
environments  (Gerlach  1971;  Johnson  1974).  Thus,  although  the  turnover 
rates  used  here  are  greater  than  the  2/year  and  10/year  commonly  used 
for  macrofauna  and  melofauna  turnover,  respectively,  they  may  well  be 
below  the  real  turnover  rates. 

100.  Turnover  rates  of  10/year  and  14/year  were  applied  for 
oligochaetes  and  chironomids,  respectively.  These  were  based  on  the 
observations  of  Johnson  (1974)  who  reported  rates  at  least  as  high  as 
these  for  warmer  water  environments  in  Lake  Ontario.  Annual  turnover 
of  Corbicula  manilensis  was  estimated  to  be  3.5,  based  on  the 
conservative  assumption  of  a 3.5  life  cycle  turnover  rate  and  one 
generation  per  year.  For  meiofauna  the  following  assumptions  were 
made : 

Taxon  Life  Cycle  Turnover  Rate  Generat ion/Year  Annual  Turnover 


Nematoda 

2.5 

8 

20 

Copepoda 

4 

4 

16 

Cladocera 

5 

3 

15 

Ost  racoda 

5 

3 

15 

Other 

3 

4 

12 

101.  These  turnover  rates  were  applied  to  summer  biomass  values 
to  estimate  production  of  macrofauna  and  meiofauna  in  the  various 
habitats  (Figure  22).  These  computations  indicate  that  macrobenthos 
production  at  the  experimental  marsh  was  very  much  greater  than  at  the 
reference  marsh  or  on  the  unvegetated  tidal  flat.  On  the  other  hand, 
meiofaunal  production  was  substantially  greater  at  the  reference  marsh 
than  in  comparable  experimental  site  habitats.  In  fact,  the  estimated 
production  of  meiobenthos  at  the  reference  marsh  was  nearly  equal  to 
ttie  production  of  macrobenthos.  Total  production  of  benthos  was 
highest  in  the  low  marsh  and  subtidal  channels  at  the  experimental 
site,  and  this  was  overwhelmingly  attributable  to  high  oligochaete 
production.  At  the  reference  marsh,  oligochaetes  were  less  productive, 
and  meiofaunal  crustaceans  (ostracods,  cladocerans  and  copepods)  were 


as  productive  as  or  more  productive  than  the  ol igochaetes . 

102.  The  consistency  of  this  basic  pattern  in  all  three  marsh 

i 

habitats  indicates  that  important  differences  existed  in  the  biological 
structure  of  the  communities  between  the  experimental  and  reference 
marshes  that  were  less  obvious  in  considerations  of  the  distribution 
and  density  of  species  of  benthos.  The  potential  of  an  interaction 
between  macrofauna  and  meiofauna  is  suggested  by  these  results. 

Although  this  could  be  a direct  interaction,  e.g.  the  sparser 
macrofauna  of  the  reference  marsh  allowed  larger  meiofauna  production, 
more  likely  it  is  a result  of  common  factors  acting  on  both  components 
with  different  results.  There  may  have  been  differences  in  sediment 
microhabitats  between  the  two  sites  which  are  not  adequately  reflected 
in  the  measured  sediment  variables.  Another  important  mechanism 
affecting  community  structure  may  be  differences  in  the  intensity  of 
predation. 

Relationship  to  fishes  and  wildlife 

103.  Parallel  investigations  of  fishes  and  wildlife  at  the 
experimental  site  and  the  reference  site  demonstrate  the  key  role  of 
the  benthos  in  trophic  support  of  these  living  resources.  Most  of  the 
fishes  and  many  of  the  birds  found  at  the  sites  fed  exclusively  or 
heavily  on  benthic  prey. 

104.  The  food  habits  of  five  fishes  were  examined  (Part  111), 
and  meiobenthic  Crustacea,  larval  chironomids,  and  juvenile  Corbicula 
were  the  numerically  most  important  prey  items.  The  spottail  shiner 

( Not ropis  hudsonis)  was  the  only  fish  which  fed  heavily  on  Corbicula 
which  comprised  its  major  prey  item  at  the  experimental  site. 
Meiobenthic  crustaceans,  mainly  cyclopoid  copepods  and  cladocerans, 
were  more  heavily  preyed  on  by  the  spottail  shiner  at  the  reference 
site.  The  creek  chubsucker  (Erlmyzon  oblongus ) was  only  taken  at  the 
reference  site  where  it  preyed  almost  exclusively  on  meiobenthic 
crustaceans,  especially  ostracods  and  cladocerans  of  the  genus  Alona . 
The  channel  catfish  ( Ictalurus  punctatus ) preyed  mainly  on  chironomids 
and  crustaceans.  Cladocerans  of  the  genus  Si da  and  harpacticoid 
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copepods  were  particularly  important  prey  items.  Sida  was  notably  rare 
in  samples  of  meiobenthos  and  was  probably  associated  with  the  marsh 
plants  or  associated  periphyton  rather  than  the  sediment  surface.  The 
mummichog  (Fundulus  heteroclitus)  fed  heavily  on  ostracods, 
particularly  Physocrypta , and  copepods.  Chironomids  were  important  in 
the  diet  of  specimens  collected  from  the  reference  site.  Juvenile 
white  perch  (Morone  americana)  had  a diverse  diet  in  which  Bosmina 
longirostris  (cladoceran)  was  particularly  abundant.  Bosmina 
longirostris  is  primarily  a planktonic  cladoceran  which  is  also  an 
important  constituent  of  the  food  habits  of  pelagic  feeding  herrings  in 
the  James  River  (Burbidge  1974).  Chironomids  (especially  at  the 
reference  site),  other  benthic  cladocerans,  ostracods,  cyclopoids , and 
ceratopogonid  insects  were  also  well  represented  in  white  perch 
stomachs . 

105.  Perhaps  the  most  striking  feature  of  the  food  habits  of 
these  five  fishes  is  the  very  important  role  of  meiofaunal  crustaceans 
in  their  diets.  These  faunal  components  comprise  a relatively  small 
portion  of  the  biomass  of  the  benthos,  although  as  discussed  above  they 
can  be  important  producers.  Their  apparently  inordinant  importance  can 
be  attributed  to  several  factors:  (a)  the  assessment  of  importance  was 
based  on  numbers  of  individuals  found  in  stomachs;  thus,  these  small 
crustaceans  may  be  less  important  in  terms  of  biomass  consumed;  (b)  the 
fish  specimens  analyzed  were  mostly  small  species  or  small  individuals 
of  larger  species  which  can  be  expected  to  feed  on  meiofauna  rather 
than  macrofauna;  and  (c)  these  crustaceans  are  epibenthic  and  motile 
and  thus  may  be  more  obvious  and  available  prey  (Macan  1977). 

106 . The  oligochaetes  which  usually  dominate  the  biomass  of 
benthos  were  noticeably  rare  in  the  reported  food  items.  However,  they 
are  without  an  exoskeleton  or  resistant  integument  and  thus  are  very 
rapidly  digested  once  consumed  by  a fish.  Oligochaete  setae  were 
frequently  present  in  fish  stomachs;  however,  the  importance  of 
oligochaetes  in  the  diets  was  very  hard  to  quantify.  Tubificids  are 
long  and  thread-like  worms  which  live  in  vertical  burrows  with  their 
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anterior  ends  at  the  base  of  the  burrow.  Their  thin  posterior  segments 
;;  often  project  out  of  the  burrow  when  covered  by  water  to  assist 

respiration.  The  oligochaetes  can  rapidly  retract  their  posterior  ends 
' when  disturbed  as  a natural  escape  response.  In  this  way  they  may  be 

able  to  avoid  predation  by  these  small  fishes  which  do  not  forage 
t.  deeply  in  the  sediment. 

107.  It  is  difficult  to  assess  the  relative  value  of  the  benthos 
of  the  various  habitats  studied  in  trophic  support  of  fishes.  The 
reference  marsh  was  more  productive  of  the  small  crustaceans  so 
important  in  the  fish  diets;  however,  the  experimental  marsh  apparently 
supported  more  of  the  fishes.  The  high  marsh  was  largely  inaccessible 
to  the  fishes,  but  even  though  they  could  not  be  sampled  in  the  low 
marsh  proper,  the  fishes  actively  feed  in  this  habitat  when  it  is 
inundated.  The  subtidal  channels  within  the  marshes  were  particularly 
important  habitats  for  the  fishes.  These  channels  and  pools  provided 
refuge  at  low  tide  and  were  particularly  productive  of  small  epibenthic 
crustaceans  important  to  the  fishes.  The  marsh  habitats  (including  the 
associated  channels  and  pools)  provided  protection  and  food  resources 
not  found  on  the  exposed  tidal  flat.  It  thus  appears  that  these 
habitats  are  beneficial  to  fish  production. 

108.  The  assessment  of  feeding  behavior  of  birds  included  as 
part  of  the  wildlife  studies  (Part  V)  indicated  that  over  20  species  of 
birds  which  were  observed  feed  largely  on  aquatic  invertebrates. 
Semipalmated  sandpipers  (Calidris  pusi 1 lus)  and  western  sandpipers 
(Cal idrls  maur i ) foraged  over  the  intertidal  flats,  particularly  on  the 
large  flat  to  the  east  of  the  experimental  marsh.  These  shorebirds 
were  also  found  within  the  marsh  during  the  winter  when  the  vegetation 
was  reduced.  They  feed  by  probing  the  sediments  probably  for 
oligochaetes  and  insect  larvae.  Within  the  marsh,  common  snipe 
(Capella  gallinago)  were  found  throughout  the  year,  but  in  greatest 
abundance  in  spring.  Snipe  probably  fed  on  moderately  large  prey  such 
as  the  snail  Physa , aquatic  and  terrestrial  insects  and,  perhaps, 
oligochaetes.  Pectoral  sandpipers  (Calidris  melanotos)  also  foraged  in 
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the  marsh  in  early  spring.  Kildeer  (Gharadrius  voc i f erus ) were  very 


common  and  were  most  often  observed  on  the  more  exposed  shorelines. 

109.  The  degree  of  reliance  of  the  wildlife  resources  on  the 
benthos  is  difficult  to  quantify  but  appears  to  be  considerable. 

Accounts  of  the  specific  feeding  habits  of  the  birds  in  this  study  are 
lacking,  but  there  is  ample  documentation  indicating  the  importance  of 
benthic  Invertebrates  in  the  diets  of  many  shore  and  wading  birds 
(Holmes  1966;  Recher  196b;  Chamber  and  Milne  1975;  Rofritz  1977). 

Conversely,  it  is  difficult  to  assess  the  effects  of  bird  predation  on 
the  benthos.  The  predator  exclosure  experiment  conducted  on  the  tidal 
flat  at  the  experimental  site,  the  habitat  most  intensely  utilized  by 
wading  birds,  suggests  that  these  effects  may  indeed  be  considerable. 

Summary 

V 

110.  Marsh  habitats  at  the  experimental  site  of  Windmill  Point 
had  generally  sandier  sediments  than  comparable  habitats  at  the 
reference  marsh  at  Herring  Creek.  The  fine  dredged  material  of  the 
experimental  marsh  had  become  mixed  with  sand  from  the  dike  built  to 
retain  the  dredged  material.  The  reference  marsh  was  more  protected 
from  waves  and  currents  and  had  sediments  totally  comprised  of  silt  and 
clay  with  higher  organic  content. 

111.  Because  of  astronomic  and  meteorological  phenomena,  tidal 
height  and  the  degree  of  inundation  of  marsh  habitats  were  greatest  in 
the  summer  and  fall  and  lowest  in  winter.  This  may  cause  more 
stressful  conditions  to  marsh  fauna  in  the  winter  and  spring. 

112.  Tlie  macrobenthos  was  qualitatively  and  quantitatively 
dominated  by  tubificld  oligochaetes  and  larval  chironomid  insects.  The 
Introduced  bivalve  Corblcula  manl lensls  was  also  very  abundant  in  some 
habitats.  Oligochaetes  of  the  genus  Limnodr 1 lus  were  the  numerical  and 
biomass  dominants  in  most  of  the  habitats. 

113.  Tlie  total  density  and  biomass  of  macrobenthos  were  highest 
in  the  low  marsh  and  subtidal  channels  of  the  experimental  site. 
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Intermediate  density  and  biomass  were  found  in  the  higher  marsh  at  both 
sites  and  in  the  low  marsh  at  the  reference  site.  Lower  values  were 
found  outside  of  the  marshes  on  adjacent  tidal  flats  and  on  subtidal 
bottoms  claimed  by  the  habitat  development  project.  These 
between-habitat  differences  were  attributable  mainly  to  differences  in 
populations  of  ol igochaetes . 

114.  The  density  and  biomass  of  macrobenthos  varied  seasonally, 
with  highest  values  in  the  summer  and  lowest  in  the  winter.  This  is 
attributable  to  more  stressful  conditions  in  winter,  the  presence  of 
plant  cover  in  summer  and  life  cycle  patterns. 

115.  Species  diversity  of  macrobenthos  was  higher  at  the 
reference  site  than  in  comparable  habitats  at  the  experimental  site. 
This  was  due  both  to  the  greater  richness  (number  of  species)  and 
greater  evenness  (less  dominance  by  a few  species)  at  the  reference 
site  habitats. 

116.  The  experimental  and  reference  marsh  habitats  were  also 
separable  on  the  basis  of  the  species  composition  of  the  macrobenthos. 
The  reference  marsh  had  more  unique  species,  but  several  widely 
distributed  species  were  more  common  at  the  experimental  marsh. 

117.  Protection  of  tidal  flat  macrobenthos  from  predation  by 
means  of  an  exclosure  cage  resulted  in  a 3-fold  increase  in  density  and 
a 44-fold  increase  in  biomass  over  the  surrounding  habitat.  This 
suggests  that  predation  by  fishes  and  birds  played  an  important  role  in 
structuring  the  benthic  community  and  that  the  production  and  resource 
value  of  the  benthos  would  be  underestimated  by  standing  crop  estimate. 

118.  Meiobenthos  was  sampled  only  during  the  summer  of  1977 
after  analysis  of  fish  food  habits  showed  melofauna  to  be  important 
components.  The  permanent  meiobenthos  was  comprised  principally  of 
nematodes,  cladocerans,  ostracods,  and  copepods.  The  density  of 
meiobenthos  was  greatest  in  the  low  marsh,  subtidal  channel,  and  tidal 
flat  at  the  experimental  site.  However,  estimated  biomass  was  greater 
in  reference  site  habitats  than  in  comparable  experimental  site 
habitats.  This  was  due  to  the  greater  densities  of  crustaceans  at  the 
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reference  site. 

119  . Production  estimates  showed  that  in  the  reference  marsh 
meiobenthos  were  nearly  as  important  producers  as  macrobenthos , while 
macrobenthos  production  (principally  by  ol igochaetes ) was  overwhelming 
in  experimental  marsh  habitats.  Although  total  production  of  benthos 
was  much  higher  in  experimental  marsh  habitats  than  in  the  reference 
marsh  or  on  the  open  tidal  flat,  meiobenthos  production  was  greater  in 
reference  marsh  habitats. 

120.  The  benthos  of  the  habitats  investigated  provided  critical 
support  of  fish  and  wildlife  resources.  Fishes  fed  largely  on 
meiobenthic  crustaceans  and  insect  larvae.  Oligochaetes  which  were  so 
abundant  were  apparently  not  heavily  preyed  on,  although,  because  of 
the  rapid  digestion  of  these  soft-bodied  forms,  the  analysis  of  stomach 
contents  of  the  fishes  probably  underestimate  their  importance. 
Shorebirds  which  prey  on  benthic  invertebrates  were  important 
components  of  the  avifauna. 
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PART  111:  AQUATIC  BIOLOGY — NEKTON 
R.  K.  Dias,  J.  V.  Merriner,  and  M.  Hedgepeth 


1 iU  rod uo t ion 

121.  The  nekton  subproject  was  to  document  t lie  qualitative  and 
quantitative  changes  in  the  nektonic  community  after  habitat 
development,  specifically  (a)  to  relate  patterns  of  animal  use  to  the 
vascular  plant  community  and  the  physical  characteristics  of  the 
dredged  material  and  (h)  to  describe  the  changes  in  aquatic  biota 

I ol lowing  the  disposal  ot  dredged  material  and  site  development. 

122.  Previous  studies  on  fishes  of  the  tidal  freshwater  region  ot 
the  James  River  are  tew,  and  detailed  data  on  fishes  inhabiting  the 
marshes  and  shallows  ol  this  region  are  especially  limited.  Raney 
(I9b0)  reviewed  information  on  the  freshwater  fishes  of  the  James  River 
and  noted  that  piedmont  and  coastal  plain  tishes  had  been  little 
studied.  The  food  habits  and  distribution  of  fishes  from  a lower 
piedmont  tributary  of  the  James  River  were  studied  by  Klemer  and 
Woolcott  (19b6).  Jensen  11974),  in  an  investigation  of  the 
environmental  effects  ot  thermal  discharge  from  an  electric  generating 
plant,  conducted  fish  studies  in  t lie  tidal  James  River  between  Hopewell 
and  Richmond,  Virginia.  Studies  conducted  by  VIMS  on  the  freshwater 
fishes  of  the  James  River  have  dealt  primarily  witli  anadromous  species 
(Burbidge  1972;  Hoagman  et.  al.  1973;  Weaver  197S;  and  Loesch  and 
Kriete  197b)  but  have  provided  information  on  the  distribution  and 
abundance  of  other  species. 

Materials  and  Methods 

123.  Quarterly  sampling  of  nekton  was  conducted  in  October  197b 
and  February,  April,  and  July  1977  (Appendix  II').  Day  (0700  to  1 900 
hours  KST)  and  night  (19011  to  0700  hours  KST)  samples  were  collected  at 
the  experimental  and  reference  sites.  Sampling  stations  (Figure  23) 


and  gear  used  were  as  foilows: 


a.  Experimental  site  (Windmill  Point): 

(El)  Marsh  interior,  6 minnow  traps. 

(E2)  Mouth  of  dike  breach,  1 fyke  net. 

(E3)  Mouth  of  culverts,  1 fyke  net. 

(E4)  Marsh  exterior,  6 minnow  traps. 

(E5)  Marsh  exterior,  3 beach  seinings. 

b.  Reference  site  (Herring  Creek): 

(Rl)  Marsh  interior,  6 minnow  traps. 

(R2)  Marsh  interior,  1 fyke  net. 

(R3)  Marsh  exterior,  b minnow  traps. 

(R4)  Marsh  exterior,  3 beach  seinings. 

124.  Fyke  nets  and  baited  minnow  traps  were  set  at  the  time  of 
predicted  high  water  and  were  retrieved  after  approximately  6 hours. 

The  beach  seine  hauls  were  made  when  the  ebb  tidal  velocity  was 
maximum.  Each  seine  haul  was  about  4b  m long  and  was  made  parallel  to 
the  shore.  Appendix  1'  contains  descriptions  of  sampling  gear.  All 
specimens  collected  were  preserved  in  the  field  in  a 10%  solution  of 
buffered  formalin  wttli  glycerin. 

125.  Day  and  night  water  samples  were  collected  in  duplicate 
concomitantly  with  nekton  sampling  from  mid-depth  at  4 locations  at  the 
experimental  site  and  3 locations  at  the  reference  site  (Figure  23). 
Determinations  of  temperature  (°C),  salinity  (ppt),  and  dissolved 
oxygen  (DO,  mg/ 1 ) followed  procedures  of  the  Environmental  Protection 
Agency  (1974).  A portable  pH  meter  was  used  to  determine  pH,  and  a 
portable  colorimeter  was  used  to  analyze  turbidity  (JTU's). 

126.  I'1  the  laboratory,  the  preserved  specimens  were  Identified  to 
species,  counted,  measured  for  total  length  (mm),  and  weighed  (g).  In 
large  collections,  subsamples  of  25  specimens  per  species  were  randomly 
selected  for  length  and  weight  determinations.  Nomenclature  of  fish 
species  followed  Bailey  (1970)  with  one  exception;  the  silvery  minnow 
(Hybognathus  reglus)  was  considered  a separate  species  from  Hybognathus 
nuchal  is  as  suggested  by  Pflieger  (1971). 

127.  After  preliminary  compilation  of  the  October  catch  data,  5 
species  (spottail  shiner,  Notropis  hudsonius ; creek  chubsucker, 

Erimyzon  oblongus;  channel  catfish,  Ictalurus  pnnctatus;  mumroiehog, 
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Fundulus  he tor oi'  1 i t us;  and  white  porch,  Morone  americana)  wore  selected 
tor  study  of  sex,  condition  of  gonads,  ago,  growth,  and  food  habits. 
Abundance,  biomass,  frequency  of  occurrence,  and  trophic  level  of  the 
species  were  used  as  selection  criteria. 

128.  Channel  cattish  were  aged  by  cross  sections  from  the  proximal 
portion  of  pectoral  spines.  The  remaining  species  were  aged  bv  scales 
using  methods  in  Laglor  (1956).  The  formula  of  Poole  (19hl)  was  used 
for  back-calculation  of  growth. 

129.  Stomachs  and  intestines  from  a maximum  of  23  fish  per  species 
per  collection  were  examined  by  the  Borgoson  (19h3)  method.  A 25-mm 
segment  of  the  anterior  gast rolntest ine  was  used  for  the  creek 
chubsucker  which  lacks  a well  formed  stomach.  One-ml  subsamples  of 
food  contents  from  creek  chubsucker  intestines  were  examined  with  a 
Sedgwlck-Raf ter  counting  cell.  l-'ood  organims  were  identified  to  the 
lowest  taxonomic  level  possible.  After  identification  of  taxa,  number 
ol  organisms  and  volume  (when  measurable)  per  taxon  were  determined  for 
each  tish  size  Interval. 

1 HI.  Volumes  per  taxon  could  seldom  be  determined  with  precision 
because  ot  the  preponderance  of  planktonic  and  meiobenthlc  organisms  in 
the  samples.  These  organisms,  although  numerically  important, 
frequently  occurred  in  trace  volumes  (less  than  0.1  ml).  We  believe 
measurement  errors  were  too  large  in  volumetric  determinations  to  yield 
meaningful  data;  therefore,  number  ot  organisms  per  taxon  exclusively 
was  used  as  a relative  measure  ot  importance  of  food  items. 

Rosu 1 1 s 

Water  quality  analysis 

131.  Water  temperature  ranged  t rom  1.0  to  12. 7"0  (Table  17)  and 
exhibited  an  expected  seasonal  trend  with  lower  temperatures 
encountered  In  February  and  higher  tcmpcr.it tires  in  duly.  (A  complete 
listing  ot  nekton  water  quality  d 1 1 .«  ts  given  in  Appendix  J'). 


Be  t ween-s  i 1 e and  within-site  differences  were  slight.  Day  temperatures 
were  higher  than  night,  and  ebb  tide  samples  had  a higher  temperature 
than  flood  tide  samples. 

132.  The  total  range  in  pH  was  from  b.8  to  8.7  (Table  17)  with 
essentially  no  difference  in  mean  pH  between  sampling  sites,  times, 
tides,  or  stations.  The  seasonal  pH  pattern  differed  for  the  2 sites, 
suggesting  a site-season  interaction. 

133.  Salinity  was  relatively  constant  ranging  from  0.07  ppt  in 
April  to  0.73  ppt  in  July  (Table  17).  No  trends  in  mean  salinity  were 
evident  between  sampling  sites,  times,  tides,  or  stations. 

134.  The  total  range  in  dissolved  oxygen  (DO)  was  2.1  to  12.6  mg/ 1 
(Table  17).  A seasonal  pattern  in  DO  related  to  temperature  was 
apparent  with  February  having  the  highest  mean  1)0  and  July  having  the 
lowest.  The  reference  site  samples  had  a wider  range  and  a higher  mean 
DO  than  did  those  from  the  experimental  site.  Day  samples  had  a higher 
mean  DO  than  night  samples,  and  samples  from  flood  tide  had  a higher 
mean  DO  than  those  from  ebb  tide. 

135.  Turbidity  ranged  from  4 to  84  JTU's  (Table  17).  Water  at  the 
reference  site  had  a higher  mean  turbidity  than  at  the  experimental 
site.  Slight  differences  in  mean  turbidity  were  present  between 
sampling  times,  tides,  or  stations  within  sites. 

General  trends  in  t he  nek tonic  community 

13b.  The  ichthyofauna  of  the  tidal  freshwater  region  of  the  James 
River  is  a moderately  depauperate  one  with  low  diversity  dominated  by  a 
few  groups,  especially  cyprlnids  and  clupeids. 

137.  Nekton  sampling  at  both  sites  resulted  in  the  capture  of  6314 
fish  specimens  which  weighed  over  144  kg  and  represented  15  families 
and  37  species  (Tables  18  through  21).  (A  complete  listing  of  nekton 
catch  data  is  given  in  Appendix  K').  Twelve  species  (N  greater  than 
100  specimens)  accounted  for  88  percent  of  the  specimens  collected,  and 
14  species  (biomass  greater  than  1 kg)  accounted  for  95  percent  of  the 
tot.il  biomass.  Nine  species  were  represented  by  4 or  fewer  specimens. 


138.  More  species  were  captured  at  the  reference  site  than  at  the 
experimental  site  (Table  18).  The  species  composition  of  the  2 sites 
was  similar.  Six  species  were  unique  to  the  reference  site  and  1 
species  were  unique  to  the  experimental  site  (Table  20).  About  b‘i 
percent  ot  the  total  specimens  and  72  percent  of  the  total  biomass  were 
collected  at  the  experimental  site. 

139.  July  collections  had  the  most  species  and  specimens,  and 
February  had  the  least.  A roughly  equal  biomass  (40+  kg)  was  collected 
in  October,  April,  and  July,  but  February  was  much  lower  (2  kg). 

140.  More  species,  specimens,  and  biomass  were  collected  at  night 
than  during  the  day  (Table  18).  More  species  and  specimens  were 
captured  in  the  marsh  exterior,  but  a larger  biomass  was  collected  in 
the  marsh  interior.  Minnow  traps  captured  the  smallest  number  of 
species,  specimens,  and  biomass.  The  beach  seine  caught  the  most 
species  and  specimens,  and  the  largest  biomass  was  obtained  from  fyke 
net  samples. 

141.  The  relative  importance  of  the  species  was  obtained  by 
ranking  species  according  to  number  ot  specimens,  biomass,  and 
frequency  of  appearance  (the  number  of  samples  in  which  the  species  was 
present).  Anderson  et.  al.  (1977)  used  a similar  method  to  determine 
relative  importance.  For  each  category  the  values  were  ordered,  and 
the  highest  value  was  given  a rank  of  1,  the  second  highest  rank  ot  2, 
etc.  The  individual  Importance  ranks  were  weighted  equally  and  summed 
to  give  an  overall  species  importance  value  (Table  22).  The  spottail 
shiner  was  first  in  relative  importance,  followed  in  deer,  sing  order 
by  the  white  perch,  American  eel  (Anguilla  rost rata) , threudfin  shad 
(Dorosoma  petenense ) , mummiehog,  tidewater  silverside  (Mentdla 

bery 1 Una) , gizzard  shad  (Dorosoma  coped ianum) , channel  catfish, 
silvery  minnow,  and  spot  (l.e lost omus  xanthurus). 

142.  Species  composition  and  relative  abundance  ot  species  in  the 
present  study  were  similar  to  unpublished  VIMS  data,  despite  the  large 
differences  in  sampling  gear  and  effort  (Table  23).  Six  species  were 
numerically  dominant  in  both  data  sets:  threadfin  shad,  bav  anchovy 
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(Anchoa  mitchilli),  spottail  shiner,  channel  catfish,  tidewater 
silverside,  and  white  perch.  Five  of  these  species  ranked  in  the  top 
10  most  important  species  during  the  present  study.  Hoagman  et.  al. 

(1973),  Jensen  (1974),  and  Loesch  and  Kriete  (1976)  also  presented 
nekton  composition  and  abundance  data  which  were  quite  similar. 

Sta t is t i cal  analysis  of  catch  data 

143.  Catch  data  were  subjected  to  statistical  analyses  including 
analysis  of  covariance,  correlation,  and  multiple  regression  (a)  to 
determine  the  significance  of  spatial  and  temporal  trends  in  the 
nektonic  community  and  (b)  to  develop  regression  models  which  identify 
the  major  environmental  factors  of  importance  to  community  structure. 

Four  dependent  variables  which  reflect  overall  community  structure  were 
included  in  the  analyses  (number  of  species  per  sample,  specimens, 
total  biomass,  and  species  diversity).  Independent  variables  were 
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water  temperature,  pH,  salinity,  DO,  turbidity  and  dummy  variables  for 
site  (reference  vs.  experimental),  period  (day  vs.  night),  and  station 
(marsh  interior  vs.  exterior).  Throughout  these  analyses  the  data  were 
treated  separately  for  the  3 gear  types  (seine,  minnow  trap,  fyke  net). 

Appendix  L'  gives  a detailed  discussion  of  these  analyses.  Only  major 
findings  are  presented  below. 

144.  The  results  of  the  statistical  analyses  were  mixed.  The 
pattern  of  response  of  the  dependent  variables  to  environmental  factors 
differed  among  the  3 data  sets.  The  effects  of  temperature,  site  and 
period  were  not  consistent  between  the  seine  and  minnow  trap  data. 

For  example,  temperature  had  a positive  partial  correlation  with  number 
of  specimens  for  the  seine  data  and  a negative  one  for  the  minnow  trap 
data.  Also,  number  of  species  and  species  diversity  were  significantly 
higher  at  the  reference  site  than  at  the  experimental  site  based  upon 
seine  data,  but  the  reverse  was  true  for  the  minnow  trap  data.  Number 
of  specimens  and  total  biomass  were  significantly  higher  at  night  for 
the  seine  data,  whereas  the  converse  held  for  the  minnow  trap  data. 

145.  The  different  fishing  efficiences  and  selec t i vi t ies  of  the 
gear  probably  resulted  in  the  different  patterns  of  significance 


observed  for  some  of  the  independent  variables.  If  forced  to  choose 
the  one  gear  most  useful  for  assessing  the  major  trends  of  the  data, 
the  seine  would  be  selected.  Using  the  coefficient  of  multiple 
determination  (R“-)  as  a criterion  of  goodness  of  fit,  the  R*-  values  for 
regression  equations  developed  for  the  seine  data  were  highest  in  all 
but  one  case.  The  equations  explained  a high  percentage  (bl  to  79%)  of 
the  total  variance  of  the  dependent  variables.  Minnow  trap  data  were 
the  least  useful  in  analyzing  trends  with  equations  explaining  less 
than  lb  percent  of  the  variation  in  the  dependent  variables.  The  high 
number  of  zero  catches  in  the  minnow  traps  and  the  lack  of  replication 
of  the  fyke  nets  resulted  in  less  meaningful  data  sets  for  these  gears. 
Jensen  (1974)  also  found  minnow  traps  to  be  ineffective  gear  for 
sampling  the  nektonic  community. 

14b.  pH  and  turbidity  did  show  a consistent  relationship  with  the 
dependent  variables.  pH  was  retained  in  many  of  the  equations  as  a 
negatively  significant  independent  variable.  A higher  catch  and 
diversity  is  expected  at  a lower  pH.  Turbidity  was  a positively 
significant  variable  in  several  equations.  Salinity  and  IX)  were 
retained  as  significant  independent  variables  in  few  equations,  and  the 
pattern  was  not  consistent  for  the  3 gears. 

Comparison  of  nektonic  and  benthic  community  st ructures 

147,  Benthic  organisms  are  important  in  the  transfer  of  energy 
from  primary  producers  to  higher  trophic  levels,  and  they  are  a signifi- 
cant part  of  the  diet  of  many  fishes.  Analysis  of  macrobenthic 
communities,  therefore,  should  give  clues  to  causes  of  fluctuations  in 
the  distribution  and  abundance  of  fish  species. 

148.  Comparisons  between  nektonic  and  macrobenthic  community 
structure  were  based  upon  number  of  species,  number  of  specimens, 
species  diversity,  species  evenness,  and  species  richness  (defined  in 
Part  11).  For  these  comparisons,  the  nekton  data  were  based  on  fyke 
net  and  beach  seine  samples;  minnow  trap  data  were  deleted  because  of 
the  high  selectivity  of  this  gear.  Benthic  data  were  from  stations 
similar  to  those  where  nekton  was  collected  (E4,  Eb,  E7,  R3,  R4 , and 
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R5 ; see  Fart  II). 
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149.  The  most  striking  similarity  between  the  nektonic  and  benthic 
communities  was  that  both  exhibited  the  same  pattern  when  comparing  the 
2 sites  (Table  24).  For  both  communities  a higher  mean  number  of 
specimens  were  found  at  the  experimental  site,  whereas  the  reference 
site  had  higher  mean  values  for  the  other  variables  (number  of  species, 
species  diversity,  richness,  and  evenness).  Samples  of  nekton  and 
benthos  from  the  experimental  site  had  more  specimens  and  a lower 
diversity  than  samples  from  the  reference  site. 

150.  The  pattern  of  community  structure  of  nekton  and  benthos  was 
also  similar  in  3 seasons  (Table  24).  In  both  communities,  the  mean 
value  of  the  5 measures  representing  community  structure  were  highest 
in  summer  (except  for  nekton  where  evenness  was  also  high  in  spring), 
and  intermediate  values  of  these  variables  were  found  in  fall  and 
spring.  In  winter,  however,  the  pattern  was  different  between 

nekton  and  benthos.  Nekton  samples  taken  in  winter  had  the  lowest  mean 
number  of  species,  specimens,  diversity,  evenness,  and  richness, 
whereas  benthic  samples  showed  only  small  seasonal  differences  between 

. 

tali,  winter,  and  spring.  Evidently,  some  factor  other  than  the 

benthos  has  led  to  the  low  abundance  and  diversity  of  nekton  during  the 

winter.  ■ 

151.  Samples  from  different  stations  at  both  sites  showed  a ] 

different  community  structure  when  comparing  nekton  and  benthos  (Table 

24).  Nekton  samples  from  the  interior  of  the  marshes  of  both  sites  had 
lower  mean  values  of  the  community  variables  than  did  those  from  the 
exterior  (except  evenness  which  was  about  equal  for  the  interior  and 
exterior  samples).  On  the  other  hand,  benthic  samples  showed  the 
reverse;  the  5 variables  were  higher  for  benthic  samples  from  the 
interior  of  marshes.  These  comparisons  between  marsh  interior  and 
exterior  are  confounded,  however,  since  different  types  of  gear  were 
utilized  to  sample  interior  and  exterior  nekton  stations. 


152.  Notropis  hudsonlus,  spottall  shiner.  This  species  accounted 
for  one-third  (2094  specimens)  of  all  specimens  captured,  ranked  third 
in  biomass  (10.6  kg),  and  appeared  in  34  percent  of  the  nekton  samples 
(91  out  of  a total  of  264  samples).  Almost  three-fourths  of  the 
specimens  were  collected  at  the  experimental  site  (Table  20).  Over 
half  of  the  specimens  were  collected  in  October  and  the  remainder  were 
about  equally  divided  among  the  other  3 sample  periods.  Twice  as  many 
spottail  shiner  were  collected  at  night  as  during  the  day  and  80 
percent  were  captured  by  beach  seine.  Additional  information  on  the 
size,  sex,  gonads,  and  age  of  the  spottail  shiner  is  presented  in 
Appendix  M ' . 

153.  The  spottail  shiner  is  abundant  in  all  major  Virginia 
tributaries  of  the  Chesapeake  Bay  in  fresh  and  brackish  water  (up  to 
10.7  ppt)  and  is  captured  both  in  mainstream  and  sluggish  weedy  necks, 
creeks,  and  swamps  (Wass  1972).  Although  of  no  importance 
commercially,  this  species  is  important  as  a prey  item  for  smallmouth 
bass,  white  bass,  northern  pike,  and  walleye  (McCann  1959). 

154.  This  species  most  commonly  inhabits  quiet,  shallow  water 
with  a grassy  bottom  and  rarely  strays  from  the  immediate  shoreline 
(Hildebrand  and  Schroeder,  1928  and  McCann  1959)  but  as  summer 
progresses  they  move  out  of  areas  where  heavier  vegetation  develops. 

In  Missouri  this  species  prefers  a firm  bottom  of  sand,  gravel,  and 
rubble  and  avoids  strong  currents  (Pflieger  1975).  The  experimental 
site  was  characterized  by  coarser  sediments  (see  Part  II)  and  shallower 
water,  than  the  reference  site.  Although  plant  stem  density  was  not 
determined,  the  impression  of  both  botanists  and  ichthyologists  was 
that  the  reference  site  had  the  higher  stem  density  during  the  growing 
season.  Thus  the  experimental  site  was  preferred  by  the  spottail 
shiner  because  of  its  physical  characteristics. 

155.  McCann  (1959)  also  captured  more  spottail  shiner  at  night 
than  during  the  day  either  due  to  greater  susceptibility  to  sampling 
gear  or  school  movements  into  shallower  water  at  night. 
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156.  Molluscs,  in  particular  the  pelecypod  Cor bleu  la  m;milensls, 
were  the  dominant  food  of  the  spottail  shiner  and  accounted  for  27.3 
percent  of  the  total  food  organisms  (Table  23).  Crustaceans  and  plant 
material  were  next  in  importance,  each  representing  about  25  percent  of 
the  total  with  cladocerans,  ostracods,  copepods,  and  plant  seeds  of 
arrowhead  and  panic  grass  as  dominant  groups.  Insects  represented 
about  20  percent  of  the  total  food  organisms  with  chironomids  and 
ceratopogon ids  in  the  majority.  Fish  eggs,  especially  those  from 
Dorosoma  sp.  and  Anchoa  sp.,  were  also  present. 

157.  Molluscs  and  plant  material  were  most  important  at  the 
experimental  site,  whereas  crustaceans  and  insects  were  dominant  foods 
of  the  spottail  shiner  at  the  reference  site  (Table  25).  Molluscs  and 
fish  eggs  appeared  in  equal  numbers  in  stomachs  from  the  2 sites. 

Plant  material  was  more  prevalent  in  stomachs  from  the  experimental 
site,  and  crustaceans  and  insects  were  more  abundant  per  stomach  at  the 
reference  site. 

158.  Seasonal  changes  in  the  diet  of  the  spottail  shiner  were 
evident  (Table  25).  During  October  molluscs,  crustaceans,  and  plant 
seeds  were  the  dominant  foods.  Crustaceans  and  insects  were  most 
important  in  February  with  other  groups  forming  only  a small  portion  of 
the  total.  Crustaceans  were  greatly  reduced  in  importance  during  April 
and  molluscs,  insects  and  plant  material  accounted  for  over  90  percent 
of  all  food.  Fisli  eggs  were  first  found  in  spottail  shiner  stomachs  In 
April.  Crustaceans,  insects  and,  to  a lesser  degree,  molluscs  were  the 
dominant  food  in  July. 

159.  Diurnal  differences  in  food  of  the  spottail  shiner  were  noted 
(Table  25).  Molluscs  were  the  dominant  food  in  day  samples,  and  plant 
material  was  dominant  in  night  samples.  Molluscs,  crustaceans, 

Insects,  and  fish  eggs  from  stomachs  collected  during  the  day  had  a 
higher  average  number  per  stomach  than  those  at  night;  for  plant 
material,  the  converse  was  true. 

160.  Several  authors  (Hildebrand  and  Schroeder  1928;  Boesel  1938; 
McCann  1959;  Smith  and  Kramer  1964;  Pflieger  1975)  have  found  the  diet 
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of  the  spottail  shiner  to  be  very  similar  to  that  observed  in  the 
present  study.  This  species  can  be  considered  omnivorous  with  its 
feeding  habits  determined  largely  by  the  availability  of  both 
planktonic  and  benthic  food  organisms.  For  example,  macrobenthic 
samples  showed  the  mollusc  Corblcula  man i lens i s to  be  more  abundant  at 
the  experimental  site,  and  this  mollusc  was  also  more  important  in  the 
diet  of  specimens  from  the  experimental  site.  Insects  were  a dominant 
food  of  this  species  from  the  reference  site  wtiere  the  greater  amount 
of  emergent  vegetation,  overhanging  tree  limbs,  and  brush  would  be 
expected  to  yield  a more  abundant  and  diverse  insect  fauna.  McCann 
(1959)  compared  spottail  shiner  food  iiabits  and  found  larval  and  adult 
insects  dominated  stomach  samples  at  a station  with  large  amounts  of 
emergent  vegetation,  while  a station  witli  no  emergent  vegetation  showed 
cladocerans  as  a more  important  prey. 

161.  Given  the  general  availability  of  food  organisms,  size  of  the 
spottail  shiner  remains  an  important  factor  in  determining  the  food 
eaten.  Oligochaetes , were  the  most  numerous  macrobenthic  organisms 
but  were  not  eaten  bv  the  spottail  shiner.  This  fish  is  probably  too 
small  to  feed  effectively  upon  oligochaetes.  Our  results  parallel 
those  of  Smith  and  Kramer  (1964)  who  reported  oligochaetes  and  clams 
larger  than  4 mm  as  abundant  in  benthic  samples  but  absent  from 
spottail  shiner  stomachs.  They  reported  selection  of  larger  organisms 
by  larger  fish.  They  found  small  crustaceans  were  most  important  in 
small  fish,  but  in  fish  over  70  mm  TL  insects  predominated.  Smaller 
fish  ate  smaller  crustaceans  (Appendix  N'),  and  specimens  over  80  mm  TL 
preferred  the  larger  nonaquatic  insects  and  were  the  major  consumers  of 
mo  1 1 uses . 

1 6 J . Krimy/.on  oblongus,  creek  chuhsucker.  This  species  was  taken 
only  at  the  reference  site  and  ranked  fourth  in  biomass  (approximately 
10  kg)  even  though  only  26  specimens  were  captured.  Most  specimens 
were  collected  in  October  at  night  in  the  fyke  net  (Table  20). 
Additional  data  on  tin-  size,  sex,  gonads,  and  age  of  specimens  ot  the 
creek  chuhsucker  are  presented  in  Appendix  O'. 
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lh  1.  This  freshwater  species  Is  a common  Inhabitant  of  all  major 
Virginia  tributaries  ot  Chesapeake  Bay  and  frequently  occurs  in 
slavish  streams  and  swamps  (Wass  Id/.!).  Pflieger  (1975)  found  it  is 
an  inhabitant  of  clear,  quiet  waters  with  thick  growths  of  submorgent 
vegetation  and  it  commonly  occurs  In  the  deeper  pools  of  small  creeks 
(confirmed  for  a lower  piedmont  tributary  of  the  James  Klver  bv  Kleiner 
and  Woolcott  19bb).  The  absence  ol  this  species  at  the  experimental 
site  probably  results  from  the  lack  ot  deep  water. 

164.  Crustaceans  accounted  for  97.5  percent  of  t lie  total  food 
organisms  of  the  creek  chubsucker  (Table  2b  and  Appendix  N'). 

Ostracods  (in  particular  Physocypr i a sp.  and  Candona  sp.)  represented 
over  halt  ol  all  food  organisms  encountered.  Next  in  importance  were 
cladocerans  (25.5%)  especially  Alona  sp.  followed  bv  copepods  (19 
percent ) . 

Ib5.  Insects  ( chlronomlds)  were  found  in  small  numbers  (about  1% 
of  tl>e  total)  as  were  nematodes,  molluscs,  and  other  small 
Invertebrates.  Ollgoehaete  setae  and  algae  (mostly  diatoms)  were  noted 
in  all  creek  chubsucker  stomachs. 

Ibb.  Kleiner  and  Woolcott  (19bb)  reported  similar  feeding  habits 
tor  this  species  and  considered  the  prevalence  of  out omost racans  and 
microscopic  plants  as  an  indication  of  omnivorous  feeding.  Pi  linger 
(1975)  suggested  that  the  terminal  mouth  of  this  species  indicated  it 
was  less  a bottom  feeder  than  many  other  suckers.  Our  data  support 
this  suggestion  and  indicate  that  this  species  feeds  chiefly  upon  small 
planktonic  and  eplbenthic  invertebrates  and  algae  that  are  common  forms 
found  on  or  near  the  bottom  of  weedy  littoral  areas. 

Ib7.  Since  t he  creek  chubsucker  was  collected  only  at  the 
reference  site  and  mostly  in  October  at  night,  further  comparisons  ot 
feeding  habits  between  sampling  sites,  seasons,  and  periods  will  not  be 
made.  With  hindsight  another  species  would  have  been  a more  suitable 
choice  tor  detailed  analysis  of  feeding  habits.  At  the  time  of 
selection  ot  the  5 nekton  species  (October)  tills  species  appeared  to  bo 
a good  choice. 


1 (Ks.  lctalurus  punctatus,  channel  catfish.  Seventy-eight  channel 
catfish  weighing  b.2  kg  were  captured.  About  78  percent  of  these  were 
collected  at  the  reference  site  and  b5  percent  were  collected  in 
October.  This  species  was  most  prevalent  at  night  and  in  beach  seine 
samples  (Table  20).  Additional  information  on  the  size,  sex,  gonads, 
and  age  of  channel  catfish  is  summarized  in  Appendix  P'. 

169.  The  channel  catfish  was  introduced  into  Virginia  and  is  now 
found  in  all  major  tributaries.  A common  inhabitant  of  mainstream 
waters  from  fresh  to  15. i ppt , this  species  is  of  minor  commercial  and 
sport  importance  (Wass  1972).  In  Missouri  adults  of  this  species  are 
most  frequently  found  in  deep  water  or  lie  about  obstructions  during 
daylight,  but  at  night  they  move  onto  riffles  or  into  shallow  water  to 
feed  (Pflieger  1975).  Menzel  (1945)  discussed  commercial  fishing 
records  of  Virginia  catfish  fishermen  which  showed  that  more  catfish 
entered  pots  at  night.  The  prevalence  of  this  species  at  night  in 
shallow  water  during  this  study  suggests  a similar  nocturnal  feeding 


behavior. 


Insects  were  the  dominant  food  it 'm  found  in  channel  catfish 


stomachs  and  accounted  for  bl  percent  of  all  food  organisms  (Table  27 
and  Appendix  N').  Chironomids  were  the  major  insect  form  found, 
especially  Chironomus  sp.,  Poly pod  1 luin  sp.  , and  Tanv tarsus  sp.  The 
aquatic  larvae  of  other  dipterans  were  also  present  (tipulids, 
tabanids,  syrphids , ceratopogonids ) . Nonaquatic  insects  and 
terrestrial  spiders  were  found  in  small  amounts. 

171.  Crustaceans  were  the  next  most  important  food  and  represented 
24  percent  of  the  total.  The  cladoceran  Si  da  sp.,  which  lives  among 
the  vegetation  in  lakes  and  streams,  was  the  most  abundant  crustacean 
prey.  Harpacticoid  copepods  and  ostraeods  were  also  present. 

172.  Plant  material  consisting  of  berries,  grasses,  and  arrowhead 
seeds  represented  3 percent  of  the  total  food  organisms  and  molluscs 
represented  about  1 percent.  Fish  and  fish  eggs  were  also  present  but 
in  smaller  amounts. 
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173.  Crustaceans  were  the  dominant  food  in  channel  catfish  stomachs 
from  the  experimental  site  (83%)  hut  insects  were  dominant  in  those 
from  the  reference  site  (83%).  Crustaceans  were  more  prevalent  in  day 
stomach  samples  and  insects  were  more  prevalent  in  night  samples. 

174.  The  food  habits  of  channel  catfish  have  been  investigated  by 
Boesel  (1938),  Menzel  (1945),  Bailey  and  Harrison  (1948),  Darnell 
(1958),  Perry  (19b9),  Pflieger  (1975),  Lewis  (1976),  and  Criswold  and 
Tubb  (1977).  These  studies  and  the  present  study  are  in  agreement 
concerning  the  feeding  habits  of  this  species.  The  diet  of  small  fish 
consists  primarily  of  small  aquatic  insects  and  crustaceans.  As  size 
increases  the  fish  becomes  more  omnivorous  with  the  diet  determined  by 
local  availability.  In  the  present  study  specimens  of  this  species 
over  200  mm  TL  fed  chiefly  on  large  insects,  molluscs  ( Physa  sp. , 

Lymnaea  sp.,  and  Corbicula  man! lens  is ) , and  fish  (threadfin  shad  and 
tidewater  silverside).  Bailey  and  Harrison  (1948)  also  reported  small 
catfish  fed  almost  exclusively  on  insect  larvae  such  as  midges, 
mayflies,  and  caddisflies  while  large  catfish  (over  250  mm  TL)  fed  on 
fish  and  large  insects. 

175.  Production  of  catfish  depends  chiefly  on  favorable  shelter 
conditions  and  an  adequate  food  supply  (Bailey  and  Harrison  1948). 

Areas  with  long  straight  stretches  of  stream  of  uniform  depth  and  with 
a shifting  sandy  bottom  are  unfavorable  catfish  habitat.  A diversity 
of  environment  is  needed  for  maximum  production  with  suitable  shelter 
(deep  pools,  lagoons,  backwaters,  and  obstructions  such  as  stumps, 
submerged  logs,  drift  jams,  etc.).  The  presence  of  overhanging  bushes 
and  trees  adds  measurably  to  the  supply  of  food,  especially  insects. 
These  characteristics  were  typical  of  the  reference  site  hut  not  the 
experimental  site.  With  the  foregoing  in  mind,  it  is  not  surprising 
that  over  3 times  as  many  channel  catfish  were  collected  at  the 
reference  site  than  at  the  experimental  site. 

176.  Kundulus  heterocl i tus , mummichog.  One  hundred  ninety-two 
specimens  of  the  mummichog  weighing  0.6  kg  were  captured.  This  species 
ranked  fourth  in  appearance  (13  percent  of  the  samples).  A large 


majority  of  the  specimens  were  collected  at  the  experimental  site  and 
most  specimens  were  collected  in  April  and  during  the  day.  Sixty 

percent  of  the  specimens  were  captured  by  minnow  traps  in  the  marsh 

interior  and  about  34  percent  were  captured  by  beach  seine  (Table  20). 
Additional  data  on  this  species  are  summarized  in  Appendix  tj ' . 

177.  This  estuarine  species  is  abundant  throughout  the  entire 

Chesapeake  Bay  region  occurring  from  fresh  to  salt  water  (0  to  32  ppt ) , 
but  is  most  often  found  in  tile  mesohaline  zone.  Mummichogs  are 
inhabitants  of  muddy  marshes,  channels  and  grass  flats  in  summer  and 

ascend  streams  to  fresh  water  or  burrow  in  silt  in  the  winter  (Wass 

1972).  The  mummichog  is  an  important  forage  fisli  and  is  also  used 
extensively  as  bait  by  sport  fishermen. 

178.  The  main  food  items  of  the  mummichog  were  crustaceans, 
especially  ostracods  (Physocypr la  sp. ) and  cyclopoid  copepods,  which 
represented  about  hi  percent  of  all  food  organisms  (Table  28).  Insects 
accounted  for  lb  percent  of  the  food  items;  chief  among  these  were 
dipterans  and  to  a lesser  degree  homopterans.  Fish  eggs,  panic  grass 
seeds,  gastropods,  and  arachnids  were  also  present. 

179.  Insects  were  the  dominant  food  in  stomach  samples  in  October 
and  July,  and  crustaceans  were  dominant  in  April  (Table  28).  Fisli  eggs 
were  present  only  in  April  and  July  stomach  samples  where  they  were  the 
second  most  prevalent  food  item. 

180.  Stomachs  from  the  experimental  site  contained  a higher 
diversity  of  food  items  and  crustaceans  were  the  most  prevalent  prey. 
Insects  were  the  most  important  food  in  samples  from  the  reference 
site.  Day  stomach  samples  were  dominated  by  crustaceans.  Night 
samples  had  more  fish  eggs. 

181.  This  species  has  omnivorous  feeding  behavior  (Hildebrand  and 
Schroeder  1928,  Bigelow  and  Schroeder  1913).  Within  the  limits  imposed 
by  its  size  the  diet  of  this  species,  seems  to  be  largely  a function  of 
local  availability  of  food.  The  capture  of  most  specimens  in  the  marsh 
interior  during  the  day  with  baited  traps  suggests  Increased  feeding 
activity  of  this  species  during  daylight. 


182. 


Morone  amerlcana,  white  perch.  This  species  ranked  third  in 
number  of  specimens  and  seventh  in  biomass  collected  (719  specimens; 

7.7  kg).  The  white  perch  appeared  in  14  percent  of  the  samples. 
Eighty-three  percent  of  the  specimens  were  collected  at  the 
experimental  site  and  69  percent  were  collected  in  July.  A large 
majority  of  the  specimens  were  captured  at  night  in  beach  seine  samples 
(Table  20).  Appendix  R'  presents  additional  data  on  this  species. 

183.  This  anadromous  species  is  abundant  in  all  major  Virginia 
tributaries  of  Chesapeake  Bay.  In  winter  it  is  predominantly  found  in 
channels  and  during  the  remainder  of  the  year  it  ranges  from  shallow  to 
deep  water  (Wass  1972).  This  species  is  of  minor  commercial  and  sport 
importance . 

184.  Crustaceans  represented  almost  52  percent  of  all  food 
organisms  in  stomachs  of  the  white  perch  (Table  29).  Cladocerans 
(especially  Bosmina  sp..  Si da  sp.  and  Leydigla  sp. ) were  the  dominant 
crustaceans;  however,  amphipods,  ostracods  (Physocypria  sp.  and  Candona 
sp.),  and  copepods  were  also  important  foods. 

185.  Insects,  accounted  for  about  41  percent  of  the  food  items  and 
chironomids  were  the  dominant  insect  type.  The  remaining  food 
categories  (molluscs,  fish,  and  plant  material)  represented  less  than 
10  percent  of  the  total  food  organisms.  Nematodes  and  oligochaetes 
were  present  in  small  numbers. 

186.  Crustaceans  were  more  prevalent  in  stomach  samples  from  the 
experimental  site  and  in  day  samples.  Insects  were  the  most  important 
food  item  at  the  reference  site  and  in  night  samples,  but  the  average 
number  of  insects  per  stomach  was  greater  at  the  experimental  site  and 
in  the  day.  Perch  preferred  insects  when  they  were  abundant  but  would 
readily  switch  to  crustaceans  as  conditions  changed. 

187.  White  perch  larger  than  150  mm  TL  ate  the  mollusc  Corbicula 
manilensls , ceratopoganid  larvae,  and  fish.  Those  over  200  mm  TL  fed 
almost  exclusively  on  fish  (american  eel,  spottail  shiner,  and  Fundulus 
sp.).  Young-of-the-year  fish  primarily  fed  on  small  planktonic 
invertebrates  and  dipteran  larvae.  Hildebrand  and  Schroeder  (1928)  and 


Reid  (1972)  have  reported  similar  food  habits  for  the  white  perch. 

188.  Webster  (1943)  observed  the  movement  of  young  of  this 
species  into  shoal  areas  at  night  and  a return  to  deeper  water  during 
the  day.  We  found  evidence  of  a diurnal  change  in  feeding  behavior  and 
felt  cladocerans  which  formed  the  bulk  of  food  from  collections  made 
just  after  sunset  resulted  from  deep-water  feeding  prior  to  movement 
into  shoal  water.  The  appearance  and  position  in  the  digestive  tract 
of  ants,  scuds,  mayfly  nymphs.  Stalls  larvae,  and  Trichoptera  adults  as 
the  night  progressed  were  interpreted  as  evidence  of  littoral  feeding. 
The  volume  of  cladocerans  eaten  decreased  after  sunset  and  the  volume 
of  littoral  organisms  increased.  These  findings  directly  parallel  the 
results  of  the  present  study.  A large  majority  of  our  specimens  were 
collected  at  night  by  seine. 

189.  Overall  trends  in  feeding  habits.  Numerous  taxa  of  food 
items  were  represented  in  the  stomach  samples  of  the  5 nekton  species 
combined  and  individually  by  species  (Table  30).  All  5 species  can  be 
considered  omnivorous. 

190.  Crustaceans  (cladocerans,  ostracods,  and  copepods)  were  the 
most  prevalent  food  item  and  represented  about  47  percent  of  the  total 
food  items  for  the  combined  data  from  all  stomachs.  Insects,  were  the 
next  most  important  group  (30. 5%,  mostly  chironomids) , followed  by 
plant  seeds  (9.4%),  molluscs  (8.6%),  and  fish  and  fish  eggs  (1.9%). 
Other  taxa  represented  in  the  samples  included  nematodes,  rotifers, 
annelids,  and  arachnids. 

191.  Local  availability  of  food  appears  to  control  the  diet  of 
these  species.  Size  of  individual  fish  was  also  important  in 
determining  prey.  As  fish  size  increased  the  diversity  of  food  types 
and  size  of  prey  increased.  Differences  between  sites  and  seasons  in 
the  feeding  habits  of  the  species  can  be  explained  by  changes  in  prey 
abundance.  For  example,  at  the  experimental  site  crustaceans  were  a 
consistently  more  important  part  of  the  diet  of  the  nekton  than  were 
insects.  At  the  reference  site  with  its  more  abundant  and  diverse 
insect  fauna  insects  increased  in  importance  as  food.  Diurnal  changes 
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In  feeding  habits  were  observed  for  some  species  and  for  channel 
catfish  and  white  perch  the  change  appeared  to  result  from  movement 
between  deep  and  shallow  water. 

192.  The  relative  importance  of  taxa  in  the  benthic  community 
differed  from  that  of  benthic  organisms  in  the  fish  diets  in  2 major 
ways.  Kirst,  the  absence  of  small  crustaceans  in  macrobenthic  samples 
was  a result  of  sampling  methodology  so  their  true  importance  was  not 
reflected  in  these  data.  Second,  oligochaetes  dominated  the  abundance 
of  macrobenthic  organisms  (Table  31);  Branchiura , Limnodrilus , 
Peloscolex , and  Nais  were  numerically  important  in  the  macrobenthos  but 
were  represented  by  only  a few  specimens  in  stomachs  of  the  creek 
chubsucker  and  the  white  perch.  Reduced  importance  of  oligochaetes  in 
the  observed  diet  of  the  nekton  is  probably  the  result  of  2 factors: 

(a)  most  fish  sampled  were  small  and  unable  to  feed  upon  the  larger 
benthic  organisms  and  (b)  oligochaetes  possess  no  exoskeleton  and  were 
rapidly  digested.  Aside  from  these  differences  the  macrobenthic  and 
food  habits  data  were  similar.  Insects  were  the  second  most  prevalent 
group  in  both  the  macrobenthos  and  nekton  stomachs.  A higher  diversity 
of  insects  was  found  in  the  nekton  stomachs  than  in  the  macrobenthos 
since  many  fish  had  fed  upon  terrestrial  as  well  as  aquatic  insects. 

193.  Meiobenthie  data  from  samples  taken  in  July  1977  more  closely 
resembled  the  data  from  fish  stomachs  than  did  the  macrobenthic  data. 
Small  crustaceans  (cladocerans , ostracods,  and  copepods)  were 
numerically  important  in  both  meiobenthie  and  stomach  samples. 
Chironomid  insect  larvae  were  prevalent  in  both  meiobenthie  and  stomach 
samples;  but  other  insects  (especially  hemipterans,  homopterans,  and 
hymenopterans ) were  not  represented  in  the  meiobenthos  but  were  common 
in  some  fish  stomachs. 

194.  In  a few  instances  selection  of  particular  crustaceans  by  the 
nekton  was  Indicated.  1 lyoeryptus  was  the  dominant  cladoceran  in  the 
meiobenthos  but  was  little  utilized  as  foods  by  the  nekton.  Bosmlna 
and  Si  da  were  important  food  of  some  fish  species  but  were  numerically 
reduced  in  meiobenthie  samples.  Bosmlna  may  not  have  been  a truly 
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selected  food,  since  It  is  usually  planktonic  and  its  relative 
importance  in  stomachs  may  simply  reflect  its  abundance  in  the  water 
c o 1 um  n . 


Discussion  and  Conclusions 


195.  There  were  essentially  no  differences  in  water  quality  between 
the  experimental  and  reference  sites.  Only  DO  had  a noticeably  higher 
mean  value  at  the  reference  site  than  at  the  experimental  site.  Since 
DO  was  retained  in  only  a few  of  the  regression  equations  as  a 
significant  predictor  of  nekton  abundance  and  diversity,  we  conclude 
that  factors  other  than  water  quality  were  responsible  for  the  observed 
differences  in  nekton  between  the  2 sampling  sites.  Other  factors  such 
as  marsh  area,  kinds  and  amounts  of  plant  cover,  water  depth,  sediment 
characteristics,  and  exposure  were  probably  important.  However,  the 
effects  of  these  factors  and  their  interactions  are  difficult  to 
quantify  in  a way  that  is  useful  to  a detailed  statistical  analysis. 

19b.  Although  the  findings  of  the  correlation  and  regression 
analyses  were  mixed,  the  results  from  the  seine  data  indicate  the 
utility  of  stepwise  regression  techniques  In  identifying  factors 
important  to  community  structure  and  developing  equations  with  a 
predictive  capability.  For  example  activities  which  alter  the 
temperature,  pH  or  turbidity  will  significantly  change  the  abundance 
and  diversity  of  nekton.  The  magnitude  of  these  effects  can  be 
estimated  by  the  equations.  As  the  above  factors  are  quantified  and 
incorporated  into  future  regression  models,  the  accuracy  of  these 
estimates  should  improve. 

197.  Examining  the  seine  data,  the  reference  site  was  found  to  have 
significantly  more  species  and  a higher  species  diversity  than  the 
experimental  site.  Apparent  differences  in  numbers  and  biomass  between 
the  2 sites  were  not  significant.  The  reference  site  seining  station 
had  attributes  that  may  have  led  to  high  number  of  species  and  high 
species  diversity.  These  included  the  presence  of  partly  submerged 
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vegetation,  relatively  fine  bottom  sediments,  proximity  to  deep  water, 
and  overhanging  tree  limbs,  rocks,  twigs  and  other  debris  in  and  around 
the  sampling  area.  The  experimental  site  seining  station  lacked 
vegetation,  had  coarser  bottom  sediments,  and  was  clear  of  debris.  The 
diversity  of  subhabitats  at  the  reference  site  probably  resulted  in  the 
higher  diversity  of  nekton  species  at  this  site. 

148.  These  observations  suggest  several  ways  in  which  the 
diversity  of  nekton  species  could  be  increased  at  the  present  and 
future  artificial  islands:  (a)  increase  the  stability  of  the  dike  to 
avoid  the  erosion  and  sanding  over  which  is  currently  taking  place,  (b) 
increase  the  elevation  of  the  dike  and  plant  shrubs  and  trees  around 
the  island,  (c)  increase  the  internal  depth  of  channels,  and  (d)  offer 
an  increased  diversity  of  habitat  by  placing  debris  in  and  around  the 
i stand . 

V 

144.  With  hindsight,  it  appears  that  the  sampling  design  and 
methodology  of  this  study  could  be  improved  in  several  wavs.  Before 
additional  habitat  evaluation  studies  of  this  nature  are  made,  nekton 
gear  development  research  should  receive  a high  priority.  The 
development  of  one  kind  of  gear  to  effectively  sample  nekton  from  the 
various  habitats  encountered  would  be  very  beneficial.  Lift  nets  or 
drop  nets  offer  a possible  solution,  but  they  should  be  tested  for 
reliability.  Development  of  gear  that  is  easier  to  replicate  would 
allow  more  frequent  sampling  at  about  the  same  cost.  With  seasonal 
sampling  the  information  derived  from  the  analysis  of  age,  growth,  sex 
and  gonads  of  selected  species  was  of  minimal  value  to  project 
objectives.  The  value  of  the  analysis  of  nekton  feeding  habits  would 
have  been  increased  if  seasonal  sampling  of  meiobenthos  and  terrestrial 
insects  had  been  conducted  coincident  with  fish  sampling.  Future 
studies  should  not  overlook  these  important  prey.  Finally,  the 
objectives  of  this  project  could  not  be  fully  met  since 
pre-construction  studies  of  nekton  were  not  done.  To  quantify  the 
changes  after  habitat  development,  preconstruction  studies  are 
required.  The  distribution  and  abundance  of  fish  species  cannot  be 
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directly  related  to  the  vascular  plant  community.  The  different 
sampling  characteristics  of  the  gear  and  the  mobility  of  species 
decreased  the  usefulness  of  nekton  comparisons  between  vegetated  and 
unvegetated  areas. 

200.  Some  general  observations  can  be  made  despite  our  inability 
to  quantify  the  changes  which  occurred  after  site  development. 
Undoubtedly,  the  abundance  and  diversity  of  nekton  in  the  area  was 
increased  by  the  creation  of  the  Windmill  Point  marsh  through  provision 
of  more  living  space,  food,  and  protection  to  many  nekton  species.  The 
abundance  of  important  forage  species  like  the  spottail  shiner  and  the 
mummichog  was  probably  increased  since  they  exihibit  a high  dependence 
upon  littoral  areas  and  rarely  stray  from  the  shoreline.  The  channel 
catfish  and  the  white  perch  utilized  the  increased  shoal  areas  for 
nocturnal  feeding.  In  summary,  we  feel  the  Windmill  Point  marsh  has 
benefited  the  area  by  providing  additional  habitat  for  the  nekton  and 
thereby  increased  their  abundance  and  production. 

Summary 


201.  Differences  in  water  quality  between  the  experimental  and 
reference  sites  were  slight.  Dissolved  oxygen  had  a higher  mean  value 
at  the  reference  site;  but  water  temperature,  pH,  salinity,  and 
turbidity  were  essentially  equal  for  the  2 sites. 

202.  Seasonal  trtnds  were  evident  in  all  water  quality  variables 
monitored.  Mean  water  temperature  and  salinity  were  highest  in  July; 
pH  and  dissolved  oxygen  peaked  in  February;  and  turbidity  was  highest 
in  April.  February  had  the  lowest  mean  temperature  and  turbidity; 
April  had  the  lowest  salinity;  July  had  the  lowest  dissolved  oxygen; 
and  October  had  the  lowest  pH. 

203.  Mean  water  temperature  and  dissolved  oxygen  were  higher  in 
the  day  than  at  night.  Day-night  differences  in  the  other  water 
quality  variables  were  not  evident. 
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204.  Water  samples  from  ebb  tide  had  a higher  mean  temperature  and 
a lower  mean  dissolved  oxygen  than  those  from  flood  tide;  pH,  salinity, 
and  turbidity  showed  little  difference  between  ebb  and  flood  tide. 

205.  Nekton  sampling  resulted  in  the  capture  of  6319  specimens 
weighing  over  144  kg  and  representing  37  species  of  fish;  relatively 
few  species  (about  one-third  of  all  species  collected)  accounted  for 
most  of  the  specimens  and  biomass  collected. 

206.  The  species  compositon  of  nekton  at  both  sites  were  similar. 
More  species  were  captured  at  the  reference  site,  but  more  specimens 
and  a greater  biomass  were  collected  at  the  experimental  site. 

207.  The  smallest  number  of  nektonic  species,  specimens,  and 
biomass  were  collected  in  February;  the  largest  number  of  species  and 
specimens  were  collected  in  July;  and  the  largest  biomass  was  collected 
in  April . 

208.  Night  samples  of  nekton  resulted  in  more  species,  specimens 
and  biomass  than  day  samples. 

209.  The  smallest  number  of  nekton  species,  specimens,  and  biomass 
were  collected  in  minnow  traps;  the  most  species  and  specimens  were 
captured  in  the  beach  seine;  and  the  largest  biomass  was  collected  in 
fyke  nets. 

210.  Overall,  the  10  most  important  nektonic  species  (in  terms  of 
their  abundance,  biomass  and  frequency  of  appearance)  in  decreasing 
order  were  the  spottail  shiner,  white  perch,  american  eel,  threadfin 
shad,  mummichog,  tidewater  silverside,  gizzard  shad,  channel  catfish, 
silvery  minnow,  and  spot. 

211.  The  ichthyofauna  of  this  area  of  the  James  River  is  a 
moderately  depauperate  one  with  a low  diversity  dominated  by  a few 
groups,  especially  cyprinids  and  clupeids. 

212.  The  results  of  a statistical  analysis  of  nekton  catch  data 
were  mixed.  The  pattern  of  response  of  nekton  to  some  environmental 
factors  was  not  consistent  for  the  3 gear  types. 

213.  The  seine  data  set  was  found  to  be  most  useful  for 
statistically  assessing  trends  in  the  distribution,  abundance  and 
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diversity  of  nekton.  Using  the  seine  data,  it  was  found  that 
significantly  more  species  and  higher  species  diversity  were  at  the 
reference  site,  and  number  os  specimens  and  biomass  did  not  differ 
significantly  between  the  2 sites. 

214.  Tlie  nektonic  and  benthic  community  structure  exhibited  a 
similar  patter  at  the  2 sites.  For  both  communities,  samples  from  the 
experimental  site  had  more  specimens  and  a lower  diversity  than  samples 
from  the  reference  site. 

215.  It  was  concluded  that  the  diversity  of  sub-habitats  at  the 
reference  site  resulted  in  the  higher  diversity  of  nekton  species  at 
that  site.  Methods  suggested  to  increase  the  diversity  of  nekton  at 
present  and  future  experimental  sites  were  stabilization  of  the  dike  to 
avoid  erosion  and  sanding  over  of  the  marsh,  increase  the  elevation  of 
the  dike  to  allow  the  planting  of  shrubs  and  trees  around  the  marsh, 
deepening  of  marsh  channels,  and  addition  of  debris  in  and  around  the 
island  to  increase  the  habitat  diversity. 

21b.  Tlie  ecology  of  5 nekton  species  was  reviewed  including  the 
spatial  and  temporal  trends  in  their  distribution,  abundance  and  feed 
habits.  The  spottail  shiner,  mummicliog,  and  white  perch  were  more 
abundant  at  the  experimental  site,  and  the  creek  chubsucker  and  channel 
catfish  were  more  abundant  at  the  reference  site.  The  mummichog  was 
more  abundant  in  April;  the  white  perch  was  more  abundant  in  July;  and 
the  remaining  3 species  were  more  abundant  in  October.  All  of  these 
species  except  the  mummichog  were  more  prevalent  in  night  samples  than 
day  samples;  channel  catfish  and  white  perch  appeared  to  move  at  night 
into  shoal  areas  for  feeding. 

217.  A high  diversity  of  types  of  food  was  found  in  stomach 
samples  from  these  5 nekton  species,  and  they  can  be  considered 
omnivorous.  The  diet  of  these  species  appeared  to  be  controlled 
primarily  by  the  local  availability  and  abundance  of  food.  Size  of 
fish  was  also  important  in  determining  prey.  As  size  increased  the 
diversity  of  food  types  Increased.  Typically,  larger  fish  ate  larger 
organisms . 
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218.  Benthic  organisms  were  a major  part  of  the  diet  of  the  nekton 
species  examined.  The  meiobenthic  organisms,  especial. y small 
crustaceans,  were  an  important  part  of  their  diet.  Larger  macrobenthie 
organisms  such  as  oiigochaetes  were  not  numerically  important  foods. 
Since  most  fish  sampled  were  small;  this  was  not  considered  unusual. 
Overall  crustaceans  were  the  most  prevalent  food,  followed  in 
decreasing  order  by  insects,  plant  seeds,  molluscs,  and  fish  and  fish 
eggs.  Other  taxa  represented  in  stomach  samples  included  nematodes, 
rotifers,  annelids,  and  arachnids. 

219.  The  following  recommendations  are  made  to  improve  the  design 
and  methodology  of  future  studies:  (a)  develop  a nekton  sampling  gear 
that  efficiently  samples  both  the  interior  and  exterior  of  marshes,  (b) 
sample  meiobenthos  and  terrestrial  insects  coincident  with  fish 
sampling,  and  (c)  conduct  nekton  studies  in  the  area  prior  to  site 
construction . 

220.  It  was  concluded  that  the  Windmill  Point  marsh  had  benefited 
the  area  by  providing  additional  habitat  for  the  nekton. 


PART  IV:  BOTANICAL  STUDIES 
D.  Doumlele  and  G.  Silberhorn 

Introduction 

221.  The  botanical  aspect  of  the  Windmill  Point  study  was  designed 
to  evaluate  the  success  or  failure  of  planted  and  naturally  invading 
marsh  and  supratidal  vegetation  at  the  site  and  to  correlate  findings 
with  soil  parameters.  Information  on  plant  performance  and 
distribution  was  obtained  by  both  ground  observations  and  aerial 
photography  during  the  197b  and  1977  growing  seasons. 

Materials  and  Methods 


Species  lists 

222.  Plant  species  lists  for  the  experimental  site  were  compiled 
from  1974  through  1977.  All  species  were  collected,  pressed,  labeled, 
and  listed  in  Tables  32  through  3b.  Nomenclature  follows  that  of 
Radford  et  al.  (19b8),  and  sources  for  all  determinations  were  Fernald 
(1950),  Hitchcock  (1950),  and  Gleason  (1958). 

Sample  collection 

223.  Nondestructive  sampling.  During  the  197b  and  1977  growing 
seasons,  aerial  photographs  were  taken  of  the  experimental  site  at 
Windmill  Point  and  the  reference  area  near  the  mouth  of  Herring  Creek 
in  Ducking  Stool  Point  Marsh.  Accurate  identification  of  plant  cover 
types  from  the  aerial  photographs  was  insured  by  coincidental  ground 
observations  (Figure  24,  25,  and  27).  Early  in  1977  a decision  was 
made  to  conduct  a more  intensive  phytosociological  survey  of  the  study 
areas.  The  experimental  site  was  divided  into  plant  zones  defined  in 
the  cover  maps  produced  from  197b  aerial  photography  (Figure  2b).  The 
reference  site  was  divided  into  botanical  zones  similar  to  those 
occurring  at  the  experimental  site.  Plant  cover  within  each  plant  zone 
was  estimated  from  non-destructive  observations  in  15  l-m-  quadrats  per 


plant  zone.  The  number  of  quadrats  per  zone  was  determined  by  the  use 
of  a species-area  curve  (Cain  1938;  Ousting  1956).  Because  of  spatial 
heterogeneity  even  within  designated  plant  zones  at  the  experimental 
site,  three  subzones  were  further  identified  and  sampled.  This  served 
to  provide  a more  accurate  spatial  and  visual  characterization  of  the 
entire  plant  zone.  Other  observations  such  as  natural  invasion,  signs 
of  stress,  disease,  competition,  animal  use,  and  physical  damage,  were 
also  noted. 

324.  The  procedure  for  locating  individual  quadrats  was  as 
follows:  Approximate  boundaries  of  both  zones  and  subzones  were  noted 
in  the  field.  A central  location  was  chosen  as  the  starting  point  for 
random  location  of  the  five  quadrats  to  be  placed  in  each  zone  or 
subzone.  A number  from  1 to  3b0  was  drawn  at  random  to  give  a compass 
heading;  another  number  from  1 to  10  was  drawn  to  give  the  number  of 
paces  to  be  taken  in  that  direction.  This  established  the  location  of 
the  first  quadrat  which  was  used  as  the  starting  point  for  locating  the 
second  quadrat  by  the  same  procedure.  The  other  quadrats  were  located 
similarly.  Care  was  taken  to  ensure  that  all  quadrats  were  well  within 
the  zone  and  subzone  boundaries.  Because  of  the  narrowness  of  subzones 
PI  and  P2,  the  compass  heading  was  not  used  and  only  the  number  of 
paces  was  drawn.  The  starting  point  was  one  end  of  the  zone,  and 
quadrats  were  located  in  a line  down  the  center.  Sampling  consisted  of 
placing  a l-m-  frame  at  each  quadrat  location  and  estimating  species 
cover  (percent  of  ground  covered  per  species)  for  all  species  growing 
within. 

225.  During  the  course  of  the  study,  35-mm  color  slides  taken 
from  established  photographic  points  were  used  to  document  visual 
changes  in  vegetation  from  month  to  month.  One  point  was  located  in 
each  major  subzone  or  zone. 

Surveys  and  tlda  1 data 

226.  Surveys  of  the  experimental  and  reference  sites  conducted 
periodically  by  the  ll.S.  Army  Engineer  District,  Norfolk,  and  tidal 
data  provided  by  WES  were  used  where  applicable  in  correlating  plant 
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parameters  with  elevation  and  tidal  inundation. 

Aerial  photography  and  mapping 

227.  During  197b  several  photographic  overflights  of  the 
experimental  and  reference  sites  were  made  for  the  purpose  of 
constructing  vegetation  maps.  These  maps  (Figures  25  and  27)  were 
prepared  by  WES  and  were  used  in  assessing  seasonal  changes  in  plant 
d is t ribut ions . 

Results  and  Discussion 


Zone  descriptions 

228.  Figure  24  outlines  the  major  plant  communities  present  at 
the  experimental  site  as  of  September  1977.  Comparison  with  September 
197b  (Figure  27)  reveals  generally  little  change  in  zonal  boundaries. 

Changes  did  occur,  however,  in  the  vegetational  content  of  some  zones,  1' 

notably  in  the  vicinity  of  the  pool  at  the  northwest  corner.  In  19/b 
the  area  adjacent  to  the  pool  was  dominated  by  two  grasses,  panic  grass 
( Panic  urn  d ichotomi f lorum ) and  barnyard  grass  (Kehlnochloa  crusga 111). 

In  the  spring  of  1977,  jewelweed  ( Impat tens  capens 1 s ) was  very 
prevalent,  but  by  September  the  area  was  heavily  dominated  by  rice 
cutgrass  ( Leers ia  oryzoides ) with  smaller  amounts  of  barnyard  grass  and 
common  cattail.  In  the  supratidal  area  at  the  northeast  corner, 
changes  mainly  in  zonal  extent  rather  than  composition  took  place. 

Although  not  yet  dominated  by  black  willow  ( Sa 1 i x nigra ) , the  area  at 
the  northeast  corner  labeled  "Mixed  Vegetation;  2,4,10"  in  Figure  24 
contained  many  more  willows  than  in  197b  and  will  most  likely  become 
dominated  by  this  species  in  the  next  few  years. 

229.  Tlie  following  is  a brief  description  of  the  major  plant 
zones  found  to  occur  at  the  experimental  and  reference  sites: 

230.  Experimental  site 

a.  Arrowhead -pickerel weed.  This  zone  (Figure  28)  occupied 
the  lowest  vegetated  elevations  of  the  site  and  was 
wholly  confined  to  a broad  area  of  the  interior.  At  the 
lowest  elevations  arrowhead  and  pickerelweed  almost 
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equally  codomi nated ; but  at  higher  elevations  beggar 
ticks,  barnyard  grass,  and  rice  cutgrass  became  more 
common.  Isolated  patches  of  wild  rice  (Zizania 
aquat ica)  and  southern  wild  rice  (Zizaniopsis  mil iacea ) 

. also  occurred. 

b.  Beggar  ticks.  This  zone  (Figure  29)  was  found  at  iiigher 
elevations  of  the  marsh  and  was  dominated  by  beggar  ticks 
but  was  much  more  diverse  than  the  arrowhead-pickere lweed 
[ zone.  Considerable  amounts  of  barnyard  grass,  water 

r smartweed  (Polygonum  punctatum) , jewelweed,  cattail,  and 

water  hemp  (Ama ran thus  c anna b inns)  were  wel 1 -distributed 
throughout  the  zone. 

I c.  Panic  grass.  This  was  the  only  zone  sampled  which  was 

artificially  planted  at  the  site  (Figure  30).  It  was 
represented  by  an  interrupted  band  that  surrounded  the 
island  and  was  located  on  the  dike  and  original  island. 
Another  stand  was  planted  at  the  inner  northeast  portion 
of  tiie  island  (Figure  24).  The  Panic  urn  species  present 
were  P^  amarulum  (beachgrass)  and  P.  virgatum 
(switchgrass) , with  the  former  being  by  far  the  more 
common.  Since  these  two  species  commonly  intermingled 
and  were  often  difficult  to  dist inguish,  they  are  treated 
together  in  this  report.  Other  species  found  in  this 
zone  included  beggar  ticks,  pigweed  (Ama ran thus  spp.), 
cocklebur  (Xanthlum  strumar ium) , and  jewelweed. 

d.  Blac k wi 1 low.  Isolated  stands  of  black  willow, 
cottonwood  ( Populus  deltoides) , and  common  alder  (Alnus 
serrulata ) occurred  on  the  eastern  portion  of  the  island 
and  represented  the  only  wooded  areas  of  the  site. 

e.  Other  zones.  The  remainder  of  the  plant  zones  are 
depicted  in  Figure  24  and  consisted  of  heterogeneous 
mixtures  of  two  or  more  species.  Common  species  of  these 
areas  included  Mexican  tea  (Chenopodium  ambrosioides) , 
bush  clover  (Lespedeza  cuneata),  umbrella  sedge  (Cyperus 
st  rigosus) , wild  sensitive  plant  (Cassia  nict itans) , 
gerardia  (Agalinis  purpurea),  and  evening  primrose 
(Oenothera  biennis) . 

231.  Reference  site  (sampled  areas  only) 

a.  Low  marsh.  Arrow  arum  dominated  this  zone  (Figure  31), 
followed  in  order  by  ptckerelweed,  water  smartweed,  and 
wild  rice.  Water  hemp  and  beggar  ticks  occurred 
sparingly . 

b.  High  marsh.  This  diverse  zone  (Figure  32)  generally  can 
be  characterized  as  an  arrow  arum- jewelweed-tear thumb 
association.  Relative  amounts  of  these  species  fluctuat- 
ed greatly  during  the  1977  growing  season  (Table  39). 
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Interestingly,  beggar  ticks  was  visibly  dominant  in  1976 
but  was  a very  minor  species  by  August  1977  (Table  39). 

Floral inventories 

232.  Results  of  floral  inventories  are  given  in  Tables  32-37. 

Before  dike  construction,  vegetation  on  the  original  island  consisted 
of  55  plant  species  fairly  evenly  distributed  between  marsh  and 
supratidal  habitats  (Table  32).  Shortly  after  construction  (July  1975) 
this  number  was  roughly  doubled  by  new  invaders  and  six  planted 
species.  From  July  1975  through  September  1977,  numbers  of  new  species 
in  both  habitats  declined,  but  the  dike  and  original  island  developed  a 
higher  diversity  than  the  marsh.  This  higher  diversity  was  undoubtedly 
due  to  more  plant  competition  as  a result  of  decreased  tidal 
inundation.  Invading  species  in  the  dredged  material  were  found  mostly 
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in  the  beggar  ticks  zone,  which  was  a more  suitable  habitat  than  the 
lower  arrowhead-pickerelweed  zone.  The  low  number  of  invading  species 
in  September  1977  possibly  indicates  an  approach  of  climax  or 
near-climax  conditions,  especially  in  the  marsh.  However,  with  the 
increased  growth  of  trees  (willows,  cottonwoods,  and  sycamores)  on  the 
dike  and  originial  island,  species  distribution  there  will  undoubtedly 
continue  to  change  with  changing  shade  conditions. 

Estimates  of  cover 

233.  Plant  cover  averages  are  listed  in  Tables  38  and  39.  As 
seen  from  the  tables,  most  of  the  dominant  species  of  their  respective 
zones  reached  their  maximum  cover  in  July  or  August.  Beggar  ticks  in 
the  beggar  ticks  zone  and  high  marsh  zone  is  an  exception  in  that  it 
peaked  in  June.  The  reason  for  this  is  most  likely  a severe  windstorm 
that  swept  through  the  area  in  July,  resulting  in  many  broken  stems  and 
mortality  of  plants  (Figure  33).  In  addition,  the  high  marsh  at  the 
reference  site  was  invaded  by  large  numbers  of  grasshoppers  and 
Japanese  beetles,  which  visibly  reduced  the  cover  of  most  species  by 
devouring  leaves  (Figure  32).  However,  the  beggar  ticks  at  the 
experimental  site  recovered,  as  shown  by  the  rising  cover  values  in 
August.  The  beggar  ticks  at  the  reference  site  continued  to  decline  to 
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a negligible  value  by  late  August  (Table  39).  The  reasons  for  the 
decline  of  beggar  ticks  in  the  high  marsh  are  not  clear,  but  perhaps 
the  additional  effect  of  insect  damage  was  partly  responsible.  As 
beggar  ticks  in  the  high  marsh  decreased,  halberd-leaved  tearthumb 
( Polygonum  ar ifolium) , possibly  due  to  increased  availability  of 
sunlight,  dramatically  increased  until  by  August  It  and  jewelweed 
dominated  the  zone. 

234.  Two  other  species,  jewelweed  and  arrow  arum,  also  reached 
peaks  in  June,  but  probably  not  as  a result  of  subsequent  wind  damage. 

Jewelweed  tends  to  be  more  robust  and  productive  in  shaded  situations 
(Jervis  1969)  and  possibly  declined  as  a result  of  decreased  shading  by 
beggar  ticks.  Arrow  arum  decreased  in  both  the  high  and  low  marsh 
zones,  but  the  cause  of  this  decline  is  not  known.  Similar  cover 
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values  for  this  species,  as  well  as  water  smartweed,  have  been  reported 
by  Doumlele  (1976)  in  a vegetat ionally  similar  freshwater  marsh  in 
Virginia. 

Animal  and  environmental  effects 

235.  As  already  mentioned,  insects  dramatically  reduced  the 
vegetation  of  the  high  marsh  zone.  Grasshoppers  and  Japanese  beetles 
were  also  noted  at  the  experimental  site,  but  insect  damage  there  was 
slight.  The  major  plant  damage  inflicted  by  animals  resulted  from 
muskrat  activity  (see  Part  V:  Wildlife  Resources).  Muskrats  destroyed 
plants  in  many  areas,  whether  for  food  or  for  lodge  construction. 

Plants  were  destroyed  by  direct  consumption  of  roots  and/or  shoots  and 
by  tunnels  and  runways  dug  by  the  animals.  Several  small  areas  were 
almost  completely  denuded  (Figure  34)  but  during  the  year  many  were 
revegetated  (Figure  35). 

236.  The  effect  of  severe  winds  has  already  been  mentioned.  The 
effect  on  beggar  ticks  was  much  more  deleterious,  since  visual 
comparisons  of  plant  heights  between  1976  and  1977  revealed  a sharp 
decrease  in  beggar  ticks  height,  whereas  arrowhead  and  pickerelweed 
were  largely  unaffected.  Apparently,  the  flexibility  of  soft-stemmed 
plants  such  as  arrowhead  and  pickerelweed  contributed  to  their  survival 

j 


1 


during  the  July  1977  windstorm,  whereas  the  taller,  rigid  stems  of  such 
plants  as  beggar  ticks  and  water  hemp  were  broken  (Figure  33). 

237.  Shore  erosion  probably  presents  the  greatest  threat  to  the 
future  of  the  island.  Erosion  on  the  exposed  west  dike  shifted  that 
shoreline  eastward  to  the  point  where,  by  late  1977,  only  a narrow  sand 
berm  protected  the  highly  erodable  interior  marsh.  The  planted  panic 
grass  on  that  dike,  though  apparently  a good  soil  retainer,  was 
nevertheless  undermined  by  wave  action.  Even  woody  plants  such  as 
willows  were  eventually  uprooted.  It  is  unlikely  that  vegetation  alone 
will  be  able  to  stabilize  this  shoreline. 

Elevational  and  tidal  ef fects 

238.  Elevation  ranges  of  areas  sampled  at  the  experimental  site 
are  shown  graphically  in  Figure  3b.  The  gradation  from  low  elevations 
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in  the  arrowhead  zone  to  high  elevations  in  the  panic  grass  zone  is 
readily  apparent,  although  there  is  considerable  overlap  in  the  beggar 
ticks  and  panic  grass. 

239.  Although  it  appears  that  elevation  alone  was  an  important 
factor  in  relation  to  species  distribution,  tidal  inundation,  a 
function  of  elevation,  was  more  critical  in  the  intertidal  areas.  That 
marsh  plant  species  have  differing  tolerances  to  submergence  is 
well-known,  as  demonstrated  by  the  zonation  patterns  found  in 
saltmarshes  in  response  to  elevational  and  lnundational  differences 
(Johnson  and  York  1913,  Miller  and  Egler  1950,  Kerwin  and  Pedigo  1971). 

This  was  apparently  true  at  the  experimental  and  reference  sites, 
although  zonal  boundaries  in  these  freshwater  marshes  were  usually  not 
as  distinct.  Thus,  arrowhead  and  pickerelweed  almost  exclusively 
dominated  the  interior  of  the  experimental  site  because  of  their 
tolerance  of  frequent  flooding  there.  Similarly,  pickerelweed  and 
arrow  arum  dominated  the  lowest  areas  at  the  reference  site.  At 
slightly  higher  elevations,  these  three  species  were  present,  but  their 
cover  was  reduced  (Tables  38  and  39),  while  other  species  such  as 
beggar  ticks  increased  in  abundance  as  a result  of  their  ability  to 
withstand  the  reduced  submergence. 


Seasonal  effects 


240.  Figure  27  depicts  areal  extents  of  zones  for  three  months, 
May,  July,  and  September  1976.  The  most  obvious  changes  from  May  to 
September  were  the  "invasion"  of  mudflats  by  arrowhead  and  pickerelweed 
and  the  subsequent  "spread"  of  beggar  ticks  into  these  same  areas. 
Upland  areas  remained  stable,  for  the  most  part. 

241.  Although  one  is  tempted  to  explain  these  changes  as 
successional  in  nature,  they  are  no  more  than  stages  of  a normal 
seasonal  cycle.  Arrowhead  and  pickerelweed  were  present  during  the 
winter  and  early  spring,  but  only  as  underground  tubers  and  rhizomes 
and  therefore  were  not  visible  from  the  air.  By  May  the  plants  had 
sprouted  but  were  immature;  consequently,  the  area  appeared  as  a 
mudflat  with  arrowhead  and  pickerelweed  in  small  amounts.  By  July, 
however,  the  two  species  had  more  fully  closed  their  canopies  and  thus 
had  reduced  the  amount  of  nonvegetated  "mudflat"  area.  Beggar  ticks 
appeared  to  spread  into  the  interior  by  September  but,  again,  was 
probably  present  there  in  May  and  July,  as  well  as  the  previous  winter. 
Since  seed  dispersal  of  this  species  takes  place  in  the  fall,  the  seeds 
would  have  been  well-distributed  throughout  the  marsh  by  May  of  the 
following  year.  Any  appearances  of  beggar  ticks  in  the  arrowhead  zone 
later  in  the  season  would  have  to  be  explained  by  the  fact  that  the 
seeds  were  there  all  along  but,  because  of  the  greater  tidal 
inundation,  sprouted  later  than  seeds  at  higher  elevations. 

Soil-plant  relationships 

242.  Table  40  summarizes  the  soils  and  dominant  plant  community 
relationships.  Elevation  above  mean  low  water  obviously  played  a major 
role  in  determining  species  composition  and  distribution  at  both  the 
experimental  and  reference  sites.  Soil  chemical  properties  (i.e. 
nutrient  availability,  CEC,  etc.)  probably  more  influenced  within-zone 
variability  and  comparative  aspects  of  species  performance  than  overall 
plant  distribution.  Soil  type  resulted  from  both  physical  and 
biological  influences.  Because  of  the  relatively  young  nature  of  the 
experimental  marsh  system,  being  dominated  by  physical  influences,  it 
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can  be  expected  to  change  in  time.  Just  as  elevation  probably  governed 
overall  plant  distribution,  soil  type  determined  to  a large  extent  many 
of  the  measured  soil  properties  (see  Part  VI:  Soil  Analysis).  The 
more  subtle  interactions  between  elevation,  soil  type,  and  soil 
chemical  properties  determined  species  composition  within  a zone. 
Competitive  interactions,  given  the  same  physical  and  chemical 
properties  of  the  soil  substrate,  determined  dominance.  Initial  plant 
invasion  of  the  habitat  development  site  cannot  be  related  specifically 
to  soil  properties  except  in  the  broadest  terms,  since  invasion  was  the 
result  of  stochastic  processes.  Species  replacement  and  distribution 
changes  occurred  between  the  1976  and  1977  growing  seasons,  suggesting 
that  the  habitat  development  site  is  tending  toward  a more  climactic 
condition.  Soil  properties  can  be  expected  to  follow  the  same  trend  as 
the  system  becomes  more  ecologically  mature  and  to  more  directly 
influence  species  composition  and  distribution  within  similar  physical 
zones.  Without  further  field  and  experimentally  oriented  study,  these 
changes  cannot  be  predicted  or  their  controls  determined. 

Summary  and  Conclusions 

243.  Botanical  data  were  collected  through  the  use  of  quadrats 
from  July  through  September  1976  and  from  June  through  August  1977  at 
the  experimental  and  reference  sites.  Data  consisted  of  species  cover 
and  environmental  effects  and  were  collected  from  five  distinct  plant 
zones  from  the  two  sites.  These  zones  were  arrowhead-p ickere lweod , 
beggar  ticks,  and  panic  grass  at  the  experimental  site,  and  the  high 
and  low  marsh  at  the  reference  site. 

244.  Periodic  floral  inventories  conducted  at  the  experimental 
site  revealed  a large  number  of  naturally  invading  plant  species 
shortly  after  dike  construction  in  1973,  but  by  late  1977  numbers  of 
Invading  species  had  decreased.  The  greatest  diversity  and  change  in 
species  composition  took  place  on  the  dike  and  original  island  as  a 
result  of  more  plant  competition  from  less  frequent  tidal  inundation. 
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245.  Maximum  plant  development  at  the  experimental  site  appeared 
to  take  place  in  July  and  August  as  opposed  to  June  for  the  reference 
site.  Numerous  factors  may  be  responsible  for  this  difference, 
including  differences  in  soil  cation  exchange  capacity  and  soil 
nitrogen  (see  Part  VI:  Soil  Analysis)  as  well  as  species  differences. 

246.  Wind,  insects,  and  muskrats  may  have  combined  to  produce 
atypical  results,  especially  in  the  beggar  ticks  communities  at  both 
sites. 

247.  Panic  grass,  beggar  ticks,  arrowhead-pickerelweed 
(combined),  and  arrow  arum  were  clear-cut  dominants  of  the  panic  grass, 
beggar  ticks,  arrowhead-pickerelweed,  and  low  marsh  zones, 
respectively,  throughout  the  summer.  The  high  marsh  zone,  however, 
changed  from  an  arrow  arum-beggar  ticks  to  an  arrow  arum-beggar 
t icks- jewe lweed  to  a jewelweed-tearthumb  zone  late  in  the  summer, 
probably  as  a result  of  beggar  ticks  destruction  by  winds. 

248.  Species  distribution  and  zonation  was  found  to  be  a function 
of  elevation  and  tidal  inundation,  especially  in  the  intertidal  areas. 
The  ability  of  a species  to  withstand  submergence  was  a major  factor  in 
determining  its  location  at  the  sites. 

249.  Apparent  successional  changes  in  plant  cover  as  detected 
from  aerial  photographs  were  actually  stages  of  a normal  seasonal 
cycle.  Successional  changes  are  occurring,  as  evidenced  by  changes  in 
willow  distribution  at  the  northeast  corner,  but  accurate  assessments 
can  be  made  only  through  long-term  studies. 
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PART  V:  WILDLIKE  RESOURCES 
M.  Wass  and  E.  Wilkins 

Introduction 

250.  This  part  of  the  study  was  intended  to  evaluate  the  Windmill 
Point  Marsh  Development  site  as  a marsh  habitat  attractive  to  avifauna 
and  other  wildlife.  The  method  was  to  census  bi-monthly  at  the 
experimental  and  reference  sites  in  the  months  of  July  1976  through 
August  1977. 

Miter ia Is  amd  Methods 

Field  methods 

251.  Censuses  of  the  experimental  and  reference  sites  were 
scheduled  twice  monthly  over  a 14-month  period  from  1 July  1976  to  30 
August  1977.  Extreme  weather  in  the  winter  months  precluded  regular 
censusing,  but  a total  of  37  censuses  was  made  at  the  experimental  site 
and  18  at  the  James  River  Berm  over  the  14-month  period.  The  reference 
site  was  established  in  January  1977,  and  13  censuses  were  made  over  an 
8-month  period.  A preliminary  census  was  made  at  the  experimental  site 
on  18  Miy  1976. 

252.  At  the  experimental  site  and  James  River  Berm,  counts  were 
made  by  walking  slowly  through  the  census  areas,  recording  all  birds 
seen  or  heard  during  that  time.  The  2 observers  worked  together  on 
most  occasions,  in  order  that  more  birds  could  be  flushed  and  counted. 
The  duration  of  each  count  was  determined  by  the  time  required  to  walk 
the  areas,  averaging  from  about  1.5-2  hours  for  the  experimental  site, 
1-1.5  hours  each  for  the  Berm  and  reference  site. 

253.  At  the  Herring  Creek  reference  site,  6 observation  stations 
were  established  (Figure  37),  and  birds  were  counted  during  a 10-minute 
period  at  each  station.  Birds  seen  between  stations  were  recorded  as 
miscellaneous,  but  were  later  combined  with  station  observations  for 
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analysis,  as  very  few  birds  were  seen  while  observers  were  stationary. 
Birds  nearby,  but  outside  the  2.9-ha  study  area,  were  not  included  in 
the  analysis  and  were  treated  as  miscellaneous,  as  was  done  for  the 
experimental  site  and  James  River  Berm.  While  camping  at  the 
experimental  site,  species  that  were  seen  only  after  the  census  were 
recorded,  but  were  considered  miscellaneous  and  were  not  included  in 
analysis  or  census  data. 

254.  Censuses  were  made  without  respect  to  time  of  day,  as  it  was 
not  feasible  to  census  the  3 areas  at  a consistent  hour  over  the  entire 
period.  For  the  experimental  site,  tide  level  probably  played  as 
important  a role  in  influencing  species  and  number  of  individuals  seen 
as  hour  of  day. 

255.  Nest  searches  were  conducted  at  all  3 sites  in  season,  and 
active  nests  were  tagged  and  mapped  (Figures  38  and  39).  Nest  contents 
were  followed  as  closely  as  possible,  given  the  inadequacy  of 
bi-monthly  observations  for  this  purpose.  Supporting  vegetation  was 
also  recorded. 

256.  For  all  censuses,  binoculars  and  a spotting  telescope  were 
used  to  identify  and  count  birds  present. 

257.  In  addition  to  bird  censuses,  other  wildlife  was  also 
observed.  Muskrat  (Ondatra  zibethicus)  lodges  were  located  and  mapped 
(Figure  40),  and  toward  the  end  of  the  study  20  household  mouse  traps 
were  set  to  confirm  the  presence  of  small  rodents  on  the  island. 
Statistical  methods 

258.  Species  diversity  was  measured  for  each  observation  date  by 
the  Shannon  index  (Pielou  1975),  given  by: 

S 

H’  = - Z Pi  log2  Pi 
i = 1 

where  s = number  of  species  in  a sample  (census)  and  pi  = proportion  of 
the  ith  species  in  the  sample.  To  assess  the  contribution  to  the 
species  diversity  of  numbers  of  species  (species  richness)  and  the 
distribution  of  individuals  among  component  species  (evenness),  the 
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following  formulae  were  used: 


Evenness  (J')  = H'/log2S  (Plelou  1975) 

Species  Richness  (SR)  = (S-l)/LnN  (Margalef  1958) 

Community  parameters  were  averaged  by  season,  using  these  dates 
(Anderson  1972) : 

Late  Spring  - Apr  16  through  Jun  1 

Early  Summer  - Jun  2 through  Jul  15 

Late  Summer  - Jul  16  through  Sep  1 

Fall  - Sep  2 through  Nov  1 

Winter  - Nov  2 through  Mar  1 

Early  Spring  - Mar  2 through  Apr  15 

259.  In  addition  to  species  diversity,  a foraging  diversity 
(Tomoff  1974)  was  calculated  for  each  census  at  each  site,  using  the 
above  formula  for  H'  with  s = number  of  ecologic  feeding  categories 
(food  items)  and  p-^  = proportion  of  1)  species^  to  total  species  in  the 
census,  and  2)  individuals^  to  total  individuals  in  the  census. 

260.  Resemblance  between  the  experimental  site  and  the  reference 
site  was  measured  by  Dice's  similarity  coefficient,  especially  where 
the  number  of  positive  attributes  (such  as  the  number  of  species  at 
different  sites)  is  variable  (Boesch  1977).  The  Dice  coefficient  is 
given  by: 


2a 

2a  + b + c 

where  a=number  of  joint  presences  (of  species),  b = number  of  species 
exclusive  to  entity  B (experimental  site),  and  c = number  of  species 
exclusive  to  entity  C (reference  site). 

261.  Relative  abundance  was  calculated  for  species  and  individuals 
in  3 major  feeding  categories  at  the  experimental  site.  The  data  was 
plotted  by  seasonal  means  to  show  changes  in  abundance  due  to  migration 
and  food  availability. 
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following  formulae  were  used: 

Evenness  (J')  **  H'/log^**  (Pielou  1975) 

Species  Richness  (SR'  » (S-l)/LnN  (Margalef  1958) 

Community  parameters  were  averageu  uy  season,  using  these  dates 
(Anderson  1972) : 

Late  Spring  - Apr  16  through  Jun  1 

Early  Summer  - Jun  2 through  Jul  15 

Late  Summer  - Jul  lb  through  Sep  1 

Fall  - Sep  2 through  Nov  1 

Winter  - Nov  2 through  Mar  1 

Early  Spring  - Mar  2 through  Apr  15 

259.  In  addition  to  species  diversity,  a foraging  diversity 
(Tomoff  1974)  was  calculated  for  each  census  at  each  site,  using  the 
above  formula  for  H'  with  s = number  of  ecologic  feeding  categories 
(food  items)  and  p^  = proportion  of  1)  species^  to  total  species  in  the 
census,  and  2)  individualsj  to  total  individuals  in  the  census. 

260.  Resemblance  between  the  experimental  site  and  the  reference 
site  was  measured  by  Dice's  similarity  coefficient,  especially  where 
the  number  of  positive  attributes  (such  as  the  number  of  species  at 
different  sites)  is  variable  (Boesch  1977).  The  Dice  coefficient  is 
given  by: 


2a 

2a  + b + c 

where  a= number  of  joint  presences  (of  species),  b = number  of  species 
exclusive  to  entity  B (experimental  site),  and  c = number  of  species 
exclusive  to  entity  C (reference  site). 

261.  Relative  abundance  was  calculated  for  species  and  individuals 
in  3 major  feeding  categories  at  the  experimental  site.  The  data  was 
plotted  by  seasonal  means  to  show  changes  in  abundance  due  to  migration 
and  food  availability. 
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Resu  1 1 s 


Ho no ra 1 Cha  rac lor l s t l os 

2b2.  At  tho  experimental  site,  a total  ot  It),  31b  birds  was 
counted  during  tho  study  period:  3 S 7 S wore  counted  In  13  censuses  In 
1976,  and  t>741  in  24  censuses  in  1 977.  The  mean  number  ot  birds  per 
census  was  275.0  in  197b  and  somewhat  higher  In  1977,  at  280.9.  At  the 
reference  site,  *>7/  birds  were  counted  In  12  censuses,  with  a mean  of 
48.1  per  census.  Klghteen  censuses  ot  the  James  River  Berm  produced 
333  birds,  with  a mean  ot  30.7  birds  per  census. 

263.  Bird  density  varied  seasonally,  according  to  food 
availability  and  migration  patterns  (Tables  41  through  43).  At  the 
experimental  site,  birds  per  hectare  ranged  from  a low  of  7.53  in  the 
early  summer  of  1967,  to  a high  of  69.62  In  the  early  spring  of  1977. 
Tills  high  value  resulted  from  large  numbers  of  ring-billed  gulls  (Larus 
de lawarens 1 s)  resting  on  the  mud  t lat  at  low  tide.  Fall  densities  were 
also  high  at  the  Island,  with  Canada  geese  (Branta  canadensis)  and 
red-winged  blackbirds  ( Age  1 a 1 us  phoenictus)  dominant.  The  decline  In 
density  in  early  summer,  tol lowed  by  an  Increase  In  late  summer,  was  a 
trend  which  was  also  observed  in  the  second  year  of  censuslng  (Figure 
4 1). 

2t>4.  At  the  reference  marsh,  densities  were  lower,  determined 
almost  entirely  by  the  numbers  ot  seed-eating  trtngtllids  and 
red-winged  blackbirds.  Values  were  highest  In  winter  (mean  36.17  birds 
per  hectare)  and  lowest  in  late  spring  and  early  summer  (7.08  and  5.20 
respectively),  when  seed  availability  was  low  and  spring  migration  had 
subs i ded. 

265.  At  the  James  River  Berm,  avian  density  was  also  highest  In 
winter  (not  including  t lie  unusual  counts  ot  common  grackles  (Qulsca lus 
uulscula)  and  red-winged  blackbirds  on  30  August  1977),  with  a mean  ot 
26.77  birds  per  hectare.  Again,  the  seed-eaters,  In  tills  case 
white-throated  sparrows  (Zoenot richla  alblOollis)  and  cardinals, 
(Cardinal  is  cardinal  is)  were  in  abundance.  The  lows  tor  this  study 
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area  were  In  the  early  summer  ot  1970  and  In  the  Late  summer  lor  both 
years  (again  disregarding  the  outstanding  blackbird  and  grackle  count). 
The  wooded  berm,  unlike  the  other  sites.  Is  essentially  unut fected  by 
the  local  presence  ot  migrant  shoreblrds  and  swallows,  and  by  the 
lutlux  ot  red-winged  blackbirds,  which  boosted  late  summer  densities  In 
other  areas. 

Community  structure  parameters 

2hb.  The  number  of  species  at  the  experimental  site  averaged  14.0 
per  census  for  the  entire  study,  and  peaked  during  migration  in  late 
spring  1977,  with  a mean  ot  19.4  species  per  census  (Table  44).  The 
lowest  numbers  ot  species  were  recorded  in  the  early  summer  of  1977, 
w 1 1 li  a mean  of  10.8  species  per  census.  The  number  ot  breeding  species 
was  low,  although  some  species  which  bred  in  the  general  area  obviously 
used  the  Island  tor  foraging  or  loating.  The  number  ol  winter  resident 
species  per  hectare  was  quite  high,  compared  with  values  for  other 
types  ot  habitats  In  the  V l rglnla-Mary  land  area  (Table  4‘>). 

2b7.  Shannon  diversity  was  also  highest  in  the  late  spring  ot  1977 
at  the  experimental  site,  averaging  3.S4  b i is/ ( tui  i vidua  1 (Klgure  411), 
as  were  evenness  (0.84)  and  species  richness  (3.83).  l.ows  tor  H'  and 
evenness  were  in  tall  197b,  when  large  flocks  ot  red-winged  blackbirds 
and  Canada  geese  were  present  on  the  Island. 

llh 8.  At  the  reference  site,  evenness  values  were  comparable,  but 
species  richness  and  11'  were  generally  lower  (Table  4b).  Diversity  was 
highest  in  winter  and  early  spring,  with  mean  11'  of  2.08  and  2.12 
respectively,  and  lowest  in  late  summer.  Low  diversity  at  this  site 
resulted  t rom  consistently  low  numbers  ot  species  per  census,  averaging 
b.4  tor  the  study. 

2b9.  The  James  River  Berm  was  also  characterized  by  low  numbers  ot 
species  but  evenness  was  almost  always  high  (overall  mean,  0.84).  Most 
species  were  represented  by  one  Individual  lor  a given  census,  which  is 
typical  in  woodland  habitats.  H'  was  highest  in  early  summer  1977 
(1.4b  b i t s/ lnd i vidua l ) and  lowest  (excluding  blackbird  and  grackle 
counts  on  10  August  1977)  In  early  spring  when  2 I ring!  11  id  species 
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comprised  83  per  cent  of  birds  censused  on  that  date,  thus  lowering 
evenness  (Table  4 7). 

Foraging  patterns 

270.  The  most  Important  food  items  for  bird  species  at  the 
experimental  site  were  fish,  ground  seed,  and  tidal  invertebrates 
(Table  4b),  although  12  leedlng  categories  were  recognized  and  included 
in  calculation  of  foraging  diversity:  1)  warm  prey  and  carrion,  2) 
plant  and  animat,  3)  tish,  4)  tidal  invertebrates,  5)  air  insects,  b) 
foliage  Insects,  7)  bole  and  twig  insects,  8)  ground  insects,  9) 
leaves,  roots,  aquatic  seed,  10)  tree  seed,  11)  ground  seed,  and  12) 
nectar  (Table  49). 

271.  Pisctvores,  mostly  gulls,  terns  and  herons,  were  almost 
always  present  on  the  Island  in  substantial  numbers,  averaging  107.6 
individuals  per  census  for  the  37  censuses.  Wit  lie  t he  gulls  and  terns 
were  rarely  observed  feeding,  they  certainly  benefited  from  the 
expansive  mud  tlats  tor  resting.  The  herons  were  seen  fishing  both  in 
the  interior  marsh  (at  high  tide)  and  on  the  perimeter.  Belted 
kingfishers  ( Megaceryle  alcyon)  and  common  mergansers  (Mergus 
merganser)  also  fished  in  the  interior  channel.  Numbers  of  piscivore 
species  remained  fairly  constant  seasonally  but  abundance  was  low  in 
tl\e  fall  (Figure  43). 

272.  Shoreblrds  feeding  on  tidal  Invertebrates  fluctuated 
seasonally  In  abundance  and  numbers  ot  species,  with  migration  peaks  in 
ttie  spring  of  1977  and  late  summer  of  both  years.  Numbers  of 
shoreblrds  were  always  greatest  during  low  tides,  with  pectoral 
sandpipers  (Cal  Idris  melanotos)  and  common  snipes  ( Cape  11a  gal  linage) 
concentrated  in  the  interior  marsh,  and  killdeer  (Charadrius 
voclterus),  and  western  and  semlpalmated  sandpipers  (Calidrts  mauri  and 
0.  pusillus)  on  the  exterior  benches  and  mudtlat.  The  snipes  and 
pectoral  sandpipers  favored  the  softer  substrate  in  the  interior,  as 
both  species  teed  bv  deep  probing.  Numbers  of  shoreblrds  never 
exceeded  100  tor  one  census  and  averaged  only  28.0  per  census. 

However,  they  formed  a diverse  group,  averaging  21.1'!,  ot  total  species 
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per  census.  Since  most  of  these  species  breed  and  winter  to  the  far 
north  and  south  respectively,  abundance  was  lowest  during  these 
seasons . 

273.  Ground-seed  eaters  included  red-winged  blackbirds, 
fringillids,  and  doves.  Again,  relative  abundance  of  species  did  not 
vary  widely  by  season,  except  for  a slight  peak  in  fall.  On  the  other 
hand,  numerical  abundance  did  show  temporal  correlation  associated  with 
seed  availability,  with  greatest  numbers  in  fall  and  winter,  and  lowest 
in  early  spring. 

274.  Waterfowl,  eating  leaves,  roots  and  aquatic  seeds,  were  also 
important  fauna  at  the  island.  The  most  abundant  species  in  that 
assemblage  was  the  Canada  goose,  which  was  largely  responsible  for  an 
overall  mean  of  43.6  individuals  per  census — 15.6  higher  than  the  mean 
for  the  shorebirds.  However,  numbers  of  waterfowl  species  were  usually 
low,  ranging  from  1-4  per  census,  whereas  the  shorebirds  ranged  from 
1-9  species  per  census. 

275.  Of  the  remaining  foraging  categories,  aerial  and  ground 
insectivores  (swallows  and  wrens  respectively)  were  seasonally 
important;  and  the  other  groups  were  represented  by  single  or  few 
observations  for  a given  census. 

Koragl ng  diversity 

27b.  Foraging  diversity  (Table  50)  for  species  at  the  experimental 
site  peaked  in  fall  (2.48)  when  species  were  fairly  evenly  distributed 
among  an  average  of  6.6  feeding  categories  per  census.  For 
individuals,  foraging  diversity  (FD)  was  highest  in  late  spring  of  1977 
(Figure  44),  corresponding  to  a similar  peak  in  H'  diversity.  At  this 
time,  no  foraging  group  was  significantly  dominant,  and  the  standard 
deviation  between  seasonal  abundance  means  for  the  3 major  groups  was 
only  5.6  individuals,  compared  with  30.8  between  means  for  the  37 
censuses. 

277.  At  the  reference  site,  FD  was  lower  for  both  species  and 
individuals,  with  the  highest  value  of  a 2.25  occurring  on  24  June 
1977,  when  6 species  were  counted  from  5 feeding  groups.  The  lowest 


values  for  foraging  diversity  were  In  fall  aiut  winter  when  seed-eaters 
dominated  both  species  and  individuals.  KD  was  also  low  tor 
individuals  In  late  summer  as  a result  ot  red-winged  blackbird  and 
swallow  abundances. 

278.  The  James  River  Berm  was  comparable  to  the  experimental  site 
in  grand  mean  foraging  diversity,  but  both  species  and  Individuals  were 
most  diverse  with  respect  to  feeding  in  early  summer  197ti  (2.S2  and 
2.4S  respectively).  Lows  were  also  In  early  summer  of  the  next  year, 
but  these  values  for  both  years  are  based  on  1 census  only  and  are 
probably  not  good  Indicators  ot  seasonality.  Ot  diversities  obtained 
from  more  than  one  census,  the  mean  tor  late  spring  1977  was  highest 
(2.48),  as  was  true  tor  the  experimental  site.  Foraging  diversity  tor 
Individuals  was  highest  at  this  site,  as  Individuals  were  most  evenly 
distributed  among  species  and  feeding  groups. 

Nest  Ing 

279.  The  red-winged  blackbird  and  the  mallard  (Anas  p tat yrynchos ) 
were  the  only  species  at  the  experimental  site  tor  which  breeding  was 
established.  However,  kllldeer  exhibited  feigning  behavior  In  197t>, 
and  the  long-billed  marsh  wren  (Cistothorus  palustris)  constructed  a 
nest  In  broad-leaved  cattails  (Typha  latltolia)  in  1977  but  did  not  lay 
eggs.  The  song  sparrow  (Me  lospl/.a  melodta)  may  have  nested  in  both 
years,  as  at  least  2 singing  males  were  present  throughout  the  spring 
and  early  summer.  Nests  ot  this  species  were  not  found. 

280.  The  red-winged  blackbird,  tin1  most  common  nesting  species  in 
tidal  marshes  ot  the  Chesapeake  Bav  (Meanley  and  Webb  l9tiJ),  nested  at 
the  site  In  both  years.  However,  In  197b,  only  4 nests  were  found.  In 
either  beggar's  ticks  (Bldens  laevis)  or  cattail  (Typha  spp.).  In 
1977,  J4  nests  were  found,  concentrated  mostly  in  willows  (Saltx  nigra) 
and  alders  (Alnus  serrulata)  In  the  northeast  corner.  Other  plant 
species  were  used  to  a lesser  extent  (Figure  4S).  Much  of  the  beggar's 
ticks  were  damaged  by  heavy  winds  In  July  1977,  which  may  account  tor 
the  tact  that  only  one  nest  was  found  in  that  vegetation.  Otherwise, 

It  Is  likely  that  the  red-wings  would  have  renested  in  Bldens,  as  t tie 
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breeding  season  tor  the  species  typically  lasts  from  late  April  through 
int  <J -Align  st . 

281.  Red-winged  blackbird  nest  density  was  high  at  the 
experimental  site,  with  111)  per  hectare  in  the  willow-alder  zone  (Table 
51).  Ked-wing  nest  density  for  the  whole  census  area  was  also  high,  at 
5.15  nests  per  hectare,  compared  with  3.25  per  hectare  at  a disposal 
site  in  Texas  (Coastal  Zone  Resources  Division,  Ocean  Data  System  Corp. 
1977). 

282.  Nesting  success  tor  tills  abundant  species  was  obviously  low 
(Figure  45),  although  it  was  difficult  to  follow  the  nests  from 
construction  through  fledging  of  young.  Only  11  per  cent  of  the  nests 
observed  produced  fledglings,  compared  with  4b  per  cent  success  for  a 
tidal  fresh  water  marsh  on  the  Pautuxent  River  in  Maryland  (Meanley  and 
Webb  19b3).  At  the  Texas  location,  success  was  lower;  only  1 of  the  41 
nests  hatched.  The  Investigators  cited  heavy  parasitism  by 
brown-headed  cowblrds  (Molothrus  ater)  as  the  major  factor  in  nest 
failure.  No  cowblrds  were  seen  at  the  experimental  site,  leaving 
egg-eaters,  such  as  fish  crows  and  grackles,  as  likely  predators.  Kgg 
shell  remains  were  found  in  many  of  the  unsuccessful  nests.  Rice  rats 
(Oryzomys  palustrls)  may  also  have  been  responsible  for  destruction  of 
eggs  and  nests. 

28).  Mallards  also  nested  at  the  experimental  site.  A nest  was 
found  on  18  May  1977  in  a low  intertidal  site  at  the  southwest  corner 
ot  the  Island.  Although  the  nest  and  9 eggs  were  frequently  inundated 
at  high  tide,  the  hen  sat  on  the  nest  for  about  50  days  (normal 
incubation  period  is  27-28  days),  by  which  time  the  nest  was  collapsing 
and  the  eggs  were  putrefied.  During  that  time  a second  hen  produced  a 
brood  of  at  least  10  from  an  unseen  nest.  We  later  observed  7 
juveniles  in  t light  at  the  Island,  probably  from  the  same  brood. 

284.  At  the  reference  site,  red-winged  blackbirds  nested  in 
buttonbush  (Cephalanthus  occtdentalis) , and  nest  density  was  lower  than 
in  the  willows  and  alders  at  the  experimental  site.  The  eastern 
kingbird  (Ty ran  mis  ty rannus ) , indigo  bunting  ( Passer lna  cyanea) , and 


orchard  oriole  (Icterus  spur! us ) may  have  nested  within  a hectare  ot 
the  site,  as  territorial  males  were  observed. 

285.  A white-eyed  vireo's  nest  with  A young  was  the  only  evidence 
of  breeding  at  the  James  River  Berm.  It  was  in  a sweetshrub  (Lindera 
benzoin ) limb  fork  about  1 meter  off  the  ground  and  overhanging  the 
Peltandra  marsh  border. 

Comparison  between  sites 

28b.  The  census  areas  were  quite  different  in  vegetation  and 
topography,  resulting  in  low  similarities  between  avifauna  of  the  1 
sites,  as  measured  by  Dice's  similarity  coefficient  (Pielou  1975).  The 
lowest  overall  similarity  between  2 sites  was  between  the  experimental 
site  and  the  James  River  Berm  (0.22),  followed  by  the  experimental  and 
the  reference  site  (0.38),  and  0.45  between  the  reference  site  and  the 
James  River  Berm  (Table  52). 

287.  Resemblance  between  the  experimental  site  and  reference  site 
was  greatest  in  early  spring  1977  (0.37)  and  winter  ((1.31).  Six 
species  were  shared  in  winter  and  9 in  early  spring  (Table  53).  Late 
spring  similarity  was  very  low,  with  only  the  red-winged  blackbird  in 
common. 

288.  Foraging  similarity  was  also  calculated  for  the  experimental 
and  reference  sites  (Table  54).  Again  resemblance  was  greatest  in  the 
early  spring,  when  species  from  5 out  of  9 foraging  categories  were 
shared.  It  was  lowest  in  late  summer,  when  only  4 of  a total  of  11 
groups  were  shared. 

Other  wildlife 

289.  Unidentified  insect  larvae  were  fed  to  young  red-winged 
blackbirds  in  197b  and  1977.  Other  insects  were  also  present  at  the 
experimental  site,  notably  several  butterfly  species:  monarch  (Dana us 
plexippus) , American  copper  ( Lycaena  phleas) , imported  cabbage  worm 

( Pier i s ra pae ) , and  several  swallowtails  (Papllio  spp.)  were  most 
abundant.  Swarming  midges  (Chi ronomidae)  attracted  swallows  in  both 
years.  Although  a near  plague  of  grasshoppers  (Locust idae)  occurred  at 
the  reference  marsh  in  1977,  few  were  seen  at  the  experimental  site. 
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Tiger  beetles  (Clclndela  sp.)  were  observed  at  the  island  In  1976  but 
not  in  1977.  Two  nests  of  a wasp  ( Pollstes  f uscatus ) were  found  in 
black  willows  in  1977. 

290.  Amphibians  were  also  observed  at  the  experimental  site. 

Small  toads  (Bulo  woodhousel ) were  seen  on  several  occasions  and  at 
least  2 distinct  amphibian  calls  were  heard  in  spring  1977.  A 
bullfrog's  (Rana  ca tesbe ian.t)  egg  mass  and  a dead  adult  were  found  at 
the  reference  site  in  1977. 

291.  Reptiles  seen  were  a red-bellied  turtle  (Chrysemys 

rubr i vent r i s ) at  the  experimental  site,  and  a 1.5  meter  black  rat  snake 
(Klaphe  obsoleta  obso let a ) at  the  James  River  Berm. 

292.  Muskrats  dominated  wildlife,  other  than  avifauna,  at  the 
experimental  site.  The  remains  of  3 young  were  found  in  the  severe 
winter  of  197b-77,  probably  left  by  an  avian  predator.  Two  more  were 
found  dead  later  in  1977.  In  the  absence  of  trapping,  predation  could 
occur  only  in  winter  when  marsh  hawks  hunted  over  the  island. 

293.  Muskrat  lodges  were  found  in  the  fall  of  1976,  and  continued 
to  increase  in  number  throughout  the  study,  totalling  11  (Figure  40). 

In  addition  to  lodges,  numerous  runs  and  cleared  feeding  pads  indicated 
a substantial  population.  Damage  to  willows  at  the  up-river  end  of  the 
island  was  considerable,  as  bark  was  stripped  from  the  lower  third  of 
almost  every  tree. 

294.  By  contrast,  only  1 muskrat  dwelling  was  found  at  the 
reference  site.  Beavers  (Castor  canadensis ) were  present,  as  was 
evidenced  by  extensive  girdling  of  ash  trees. 

295.  Most  perplexing  was  the  discovery  in  the  spring  of  1977  of 
rice  rats  on  the  island.  As  9 were  trapped  in  one  evening,  it  is 
likely  that  they  had  been  present  for  some  time.  Furthermore,  rodent 
scat  was  found  in  several  red-winged  blackbird  nests,  and  on  one 
occasion  a small  mammal  was  observed  exiting  a nest  which  had 
previously  held  2 eggs.  It  is  probable,  therefore,  that  rice  rats 
contributed  to  nest  failure  of  the  red-winged  blackbird  and  possibly 
the  long-billed  marsh  wren  at  the  experimental  site. 
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2 9t> . Tin'  avifauna  at  the  export  mental  site  is  characterized  by 
marked  seasonal  fluctuation  in  species  composition  and  population 
density,  associated  with  local  nomadism,  as  well  as  long  range  seasonal 
migration.  Kor  species  which  are  permanent  residents  in  the  area, 
seasonal  movement  is  associated  with  requirements  tor  food  or  nesting. 

297.  Ot  t tie  8S  species  observed  at  the  Island,  30  are  year-round 
local  area  residents;  only  o ot  these  30  species,  however,  were 
observed  in  all  seasons  at  t he  experimental  site.  Ot  the  3t>  species 
observed  at  the  experimental  site  which  breed  locally,  only  the 
mallard,  kllldeer,  red-winged  blackbird,  and  possibly  the  song  sparrow, 
nested  at  the  experimental  site.  At  the  present  suceessional  stage  of 

if 

the  island,  birds  which  might  nest  there  would  not  include  more  than  10 
species,  although  taller  trees  could  allow  some  woodland  species  to 
ne  s t . 

298.  Densities  ot  fringillids  and  gregarious  red-winged  blackbirds 
responded  to  high  seed  availability  in  late  summer  and  fall,  but  were 
limited  by  the  0.10  ha  of  suitable  nesting  habitat  in  the  breeding 
season.  High  densities  of  ring-billed  gulls,  on  the  other  hand,  were 
related  to  t locking  preceding  departure  tor  breeding  grounds  in  the 
northern  United  States  and  Canada.  Along  both  the  Fact  tic  and  Atlantic 
coasts,  large  areas  of  mud  flats  and  beach  serve  as  courtship  "arenas" 
for  the  species,  and  mating  usually  occurs  prior  to  arrival  at  the 
breeding  site  (Bent  1947).  Laughing  gulls  replaced  ring-billed  gulls 
in  the  summer  months. 

299.  Avifauna l diversity  also  varied  seasonally.  Dense 
aggregations  of  dominant  species  such  as  red-winged  blackbirds,  Canada 
geese,  and  ring-billed  gulls  resulted  in  low  diversities.  In  the 
absence  of  such  overwhelming  dominants,  shorebtrds  of  12  species 
contributed  to  high  diversities  during  the  spring  migration  of  1 7 7 . 
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100.  Of  the  Intertidal  habitats  available  at  the  island,  including 


the  interior  marsh,  beach  perimeter  and  the  mud  flat,  the  latter 
supported  the  largest  number  of  shorebird  species.  The  mud  flat  would 
have  a greater  variety  of  micro-habitats  for  foraging  than  would  tin* 
diked  perimeter,  which  is  mostly  coarse  sand  and  gravel  (see  Part  11). 
Few  of  these  species  obtain  food  by  deep  probing,  thus  the  soft 
substrate  in  the  interior  marsli  did  not  attract  many  species,  although 
snipes  and  pectoral  sandpipers  were  there  in  large  numbers. 

101.  With  respect  to  shorebirds,  the  study  supported  the  finding 
by  Burger  et  al.  1977,  that  species  composition  and  abundance  are 
associated  with  tide  level,  rather  than  diel  time.  Alt  hough  inundation 
data  are  not  yet  available,  greatest  numbers  of  shorebirds  were  seen 
when  a large  position  of  the  mud  flat  was  exposed,  and  few,  or  no, 
species  remained  in  the  high  intertidal  zones  when  the  flat  was 
covered . 

302.  A major  factor  in  the  dissimilarity  between  study  areas  is 
tiie  presence  of  mud  flats  at  the  experimental  site,  whereas  suitable 
intertidal  habitat  is  scarce  at  the  reference  marsli  and  James  River 
Berm.  Thus  gulls  and  migrant  shorebirds  were  rarely  observed  there, 
which  lowered  similarity  by  quantitative  as  well  as  qualitative 
differences  in  species  composition.  Other  factors  affecting 
resemblance  include  size  of  study  area,  height  above  tide  levels, 
vegetation,  and  disparities  in  census  effort  between  sites. 

303.  Red-winged  blackbird  nest  success  at  the  island  was  low,  and 
was  apparently  affected  severely  by  the  presence  of  rice  rats  on  the 
island,  either  from  predation  on  eggs  or  chicks,  or  by  occupation  of 
nest.  Fish  crows  are  documented  egg-eaters,  and  may  also  have  affected 
nest  success. 

304.  In  addition  to  rice  rats,  other  wildlife  has  colonized  the 
disposal  site.  If  the  muskrat  population  continues  to  increase,  damage 
to  substrate  stabilizing  vegetation  may  be  severe.  It  is  recommended 
that  composition  of  the  rodent  population  he  further  enumerated  and 
mon i to red . 
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Summary 

305.  Of  the  3 sites  censused , the  experimental  site  supported  the 
greatest  number  of  species.  Large  numbers  of  gulls  and  terns  were 
attracted  to  the  mud  flat.  Migrating  ring-billed  gulls  were  replaced 
by  post-breeding  laughing  gulls  in  summer.  Most  interesting  were  the 
24  species  of  shorebirds  and  rails  encountered.  Only  1 of  that 
assemblage,  the  common  snipe,  was  seen  at  the  reference  marsh. 

306.  Four  species  comprised  two-thirds  of  all  the  individuals  at 
the  island:  the  ring-billed  gull,  red-winged  blackbird,  laughing  gull, 
and  Canada  goose.  The  dense  flocking  of  these  species  is  related  both 
to  local  seasonal  movements  and  to  spring  and  fall  migration.  While 
such  large  numbers  lowered  diversity,  numbers  of  species  remained  high 
through  most  of  the  study. 

307.  Breeding  species  were  few,  in  spite  of  the  fact  that  many 
species  known  to  nest  in  the  area  were  seen  at  the  experimental  site. 
Predation  by  fish  crows  or  rice  rats  may  be  the  factors  limiting  nest 
success  of  at  least  1 species,  the  red-winged  blackbird,  but  further 
investigations  during  the  breeding  season  are  needed.  Mallards  nesting 
on  the  island  reared  1 successful  brood. 

308.  In  summary,  the  Windmill  Point  experimental  site  is  a habitat 
unique  to  the  area,  by  virtue  of  its  large  tidal  flats  and  basin,  sand 
beach  perimeter  and  openness  relative  to  surrounding  woodland 
communities  bordering  the  upper  tidal  James  River.  It  functions  as  an 
avian  motel,  drawing  migrants  from  many  groups,  especially  those 
associated  with  intertidal  environments.  Nevertheless,  unless 
successional  stages  leading  to  arboreal  growth  follow,  the  experimental 
site  seems  unlikely  to  persist  for  more  than  a decade.  Hopefully, 
future  islands  constructed  from  dredged  material  will  be  designed  for 
reasonable  longevity  to  serve  as  refuges  for  migrating  avifauna  and 
other  wildlife. 


PART  VI:  SOILS  ANALYSIS 


R.  Wetzel  and  S.  Powers 

Introduction 


309.  The  overall  objective  of  this  study  was  to  provide 
quantitative  soils  data  for  the  various  plant  sampling  zones.  These 
soils  data  include  analyses  for  various  physical,  chemical,  and 
biological  parameters  in  an  effort  to  further  our  knowledge  of 
artificial  marsh  habitat  development  using  dredged  material. 

310.  In  October  1976,  soil  samples  were  collected  from  the 
experimental  site.  Windmill  Point  (WP)  and  from  two  natural  reference 
marshes,  Ducking  Stool  (DS)  and  Presquile  National  Wildlife  Refuge, 
respectively.  These  samples  were  transferred  to  WES  in  connection  with 
their  separate  study  of  chlorinated  hydrocarbons  in  marsh  soils  and 
vegetation.  In  November  1976,  a second  soils  sampling  was  conducted  at 
Windmill  Point  and  Ducking  Stool  to  supplement  concurrent  studies  of 
the  natural  vascular  plant  flora  of  these  tidal  fresh  water  marshes 
(see  Part  IV:  Botanical  Studies).  The  results  of  the  various  soils 
analyses  for  the  second  field  sampling  program  are  presented  in  this 
report.  A third  field  sampling  program  was  carried  out  in  June  1977, 
and  some  of  the  analyses  not  obtained  during  the  second  effort  are 
reported. 


Materials  and  Methods 


Field  sampling 

311.  November  1976  soil  sampling  stations  at  the  experimental  and 
reference  marshes  were  chosen  to  correspond  to  the  various  1976 
vegetation  zones.  Nine  areas  were  sampled  at  Windmill  Point  and  two  at 
Ducking  Stool.  Because  of  changes  in  plant  sampling  design  between 
1976  and  1977  growing  seasons  (see  Part  IV:  Botanical  Studies),  the 
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soil  sampling  stations  .iro  not  pa  l roil  bv  spec l tic  location  but  an* 
i op  n'snit  a t l vo  ot  general  soil  conditions  within  t lit*  various  vegetation 
/ones.  Ten  replicate  cores  were  taken  ramlomly  t rom  each  plant 
sampling  /one  at  the  experimental  (Wl’)  and  reterence  (US)  sites  during 
tin"  second  lleld  program  (November  I V/b)  and  processed  lot  the  various 
soil  measures  reported  herein.  Kxcept  t or  presentation  ot  the  field 
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tubes  having  S — mm  (3/lb-in)  holes  alternately  drilled  at  a 4*>°  angle 
and  spared  at  1 era  intervals  over  the  length  of  the  core.  The  holes 
were  then  sealed  with  silicon  rubber  cement  forming  a septum  to  allow 
insertion  ot  the  electrodes. 

lit).  Triplicate  soil  pll  determinations  were  made  using  a 1:1 
(w/v)  soil  saturation  with  distilled  water  mixture  Immediately  alter 
compositing  the  core  samples.  Approximately  20  g (wet  weight)  was 
fared  into  100-ml  glass  beakers,  and  20  ml  ot  distilled  water  was 
added.  The  soil  was  dispersed  using  a glass  rod  and  stirred  at 
approximately  S-minute  Intervals  for  30  minutes.  The  soil  suspensions 
were  then  allowed  to  stand  for  an  additional  hour  and  pH  determined 
using  a Klsher  Model  12  pH/mV  meter  and  combination  pH  probe  (Fisher 
Scientific  Company,  Pittsburgh,  Pennsylvania).  Reported  pH  values  are 
at  ambient  laboratory  temperature  (22°C).  in  situ  measures  tor  pll  were 
planned,  but  lack  of  field  compatible  equipment  necessitated  the  method 
chosen. 

117.  Water  content,  concentration  of  volatile  and  total  solids, 
and  organic  matter  content  were  determined  in  triplicate  on  IS-  to  30-g 
wet  weight  (WW)  subsamples  of  the  composited  samples.  Subsamples  were 
taken  Immediately  alter  compositing  the  core  samples  and  placed  in 
precombusted  (4  hours  (J  SS0°C),  fared  aluminum  weighing  pans.  For 
water  content,  the  subsamples  were  dried  In  a forced  draft  oven  at 
100°C  to  a constant  weight.  Percent  water  content  was  calculated  on  a 
dry  weight  (DW)  basis  as 


'1.  moisture  DW 


WW  - DW 
DW 


100 


318.  Total  solids  and  volatile  solids,  were  determined  for  each 
subsample  by  combusting  the  dried  samples  at  SS0°C  tor  4 hours, 
returning  the  ignited  samples  to  the  oven,  and  the  ash  or  combusted 
sample  weights  (AW)  determined  the  tol lowing  day.  Using  the  known  dry 
weight  (DW)  and  ash  weights  (AW),  volatile  solids  (VS),  and  total 

1 0b 


solids  (TS)  and  organic  matter  content  (I'M)  were  calculated  as 


t VS 


I'W  - AW 
I'W 


100 


X TS  - 100  -tVS 


ll't.  Salinity.  Soil  salinity  was  determined  using  the  methods 
suggested  by  Black  et  al.  (l‘>t>‘>).  Soil  subsamples  were  dried  at  t>0°C 
in  a toreed  dratt  oven,  sieved  through  a 2. ('-turn  standard  screen  to 
remove  larger  particles  and  debris,  and  approximately  20  g I'W  tared 
Into  2‘>0-ml  Krlenmeyer  I tasks.  1'lstllled  and  deionized  water  (200  ml) 
was  added  to  the  1 lasks,  and  the  soil  samples  were  dispersed  by  shaking 
and  allowed  to  stand,  covered,  overnight.  The  t lask  contents  were  then 
filtered  through  0. 22-  membrane  filters  (Mllllpore  Corp. , Hedtord, 
Massachusetts),  and  the  conductivity  of  the  filtrate  was  measured  using 
a Beckman  KS  7B  Sallnometer  (Beckman  Instruments,  Inc.,  Irvine, 
California).  Conductivity  was  converted  to  salinity  using  prepared 
standard  solutions  and  soil  salinity  calculated  and  reported  as  g/IOOg 
I'W  ot  soil. 

120.  Particle  size  analysis.  The  particle  size  analyses  for  the 
composited  soil  samples  were  determined  on  oven-dried  samples  (t>0°C)  by 
a combination  wet-dry  sieving  and  sedimentation  analysis  with  pipette 
sampling  (Black  et  al.  l^tiS). 

321.  Organic  carbon.  Organic  carbon  was  determined  as  the 
readily  oxldizable  traction  using  the  Wa lk ley-Black  method  (Black  et 
al.  l‘)6*)).  Total  organic  carbon  is  only  estimated,  perhaps  grossly,  by 
this  analytical  method  for  water  logged  marsh  soils.  Cross  comparisons 
ot  sampling  areas,  particularly  those  that  differ  in  either  plant 
associations  or  general  physical  characteristics,  should  there! ore  be 
made  with  cant  ion  and  knowledge  ot  this  Introduced  and  unknown 


Tin*  method  was  standardized  using  glucose  and 


ana  l v l I ca  I Mas. 
reported  as  percent  organic  ra i turn  (dry  weight  basis). 

UJ.  Nitrogen.  The  tol  towing  I arms  ot  nitrogen  were  determined 

lot  the  so  t l samples:  kjeldahl  N ( TK.N ) ; nitrate  N (.  N t>  i ) ; nitrite  N 

(NO.)  and  ammonia  N (Nil.,  N).  tie  tit'  ra  1 l v , the  methods  out  lined  by  Blaek 

el  al.  (I')t>‘>)  were  followed.  lot  a 1 kjeldabl  nitrogen  (organie  N I Nil.,) 

was  determined  using  standard  methods  as  reported  In  blank  et  a l . 

t 

1 1 ')«•>)  toi  mac  rode t e i m l nu t i ons . Nil.-,,  N0(,  and  N0>-  nitrogen  species 

were  determined  bv  soil  ext  rant  ion  using  2 N kd  I with  eont  Inuous 
shaking  toi  1 houi  using  a wrist  art  inn  shaker.  Kxtraetant  volume  to 
sal  1 weight  (l'W)  rat  los  ranged  t roui  to  1.0  tor  sandy  soils  and  to 

10  tor  t (lie-grained,  silty  soils.  The  ext  ranted  samples  were  gravity 
tittered  using  Whatman  No.  40  paper  into  100ml  aeid-washed  Masks  and 
the  soil  washed  with  2-  by  10-tnl  aliquots  ot  N K0 1 . Kina l volume  was 
adjusted  to  SO  ml  using  2 N Ktl. 

l.M.  doncent  rat  l ons  ot  the  three  nitrogen  speeies  in  the  KOI 
tilt  rates  were  determined  using  eo  lor  l met  r le  methods.  Nil.,  was 
determined  using  pheuo  1 -hy  poeh  1 or  i t e as  deseribed  by  Solorzano  (14t>9). 
Atter  reduet  lt>u  t o nitrite  using  a eoppe  r-eadrn  l irni  eolumn,  nitrate  and 
nitrite  were  determined  bv  a d lazot  i za t l on  reaet  ion  (Strickland  and 
1’arsons,  ll>t>S).  Six  randomlv  eliosen  subsamples  were  analyzed  tor 
nitrite,  and  tor  all  trials  nitrite  was  below  detention.  No  turther 
nitrite  determlnat  ions  were  made.  All  samples  were  read  using  a 
Speetronle  JO  (Heckman  Instruments,  l tie . , Irvine,  California)  with  a 
1 0 mm  light  path.  Standards  tor  sample  calculation  and  eolumn 
ealibrat  ion  were  made  up  In  2 N kd  1 . Nll.,0 1 , KN0|,  and  NaN0>  were  used 
t or  st  andard i zat i on. 

t.’4.  Phosphorus.  Soil  phosphorus  was  determined  as  extractable 
phosphorus  using  oxalate  (Owens  et  .-it.  1977).  Oven— dried  samples 
(approximately  1 g l'W ) were  placed  In  acid-washed  flasks  and  JO  ml  ot 
the  oxalate  extracting  solution  added.  The  samples  were  extracted  tor 
2 hours  with  cout inuous  agftat (on  using  a wrist  action  shaker  and  then 
gravity  tillered  using  Whatman  No.  40  paper  into  acid-washed  t tasks. 


The  filtrates  were  adjusted  to  volume  and  FO4- * determined 
color imet r lea  1 ly  using  the  single  reagent  method  of  Murphy  and  Riley 
(19t>2).  Standards  were  run  following  the  same  procedure  using  KHaPO^ 
instead  of  soil. 

325.  Potassium.  Potassium  was  determined  by  acetate  extraction 
tol lowing  the  procedures  of  Black  et  al.  (19f>5).  The  extraction 
procedure  coincides  with  the  methods  of  Toth  and  Ott  (1970)  for  the 
determination  of  cation  exchange  status  (OKS)  using  IN  neutral  ammonium 
acetate  solution.  Following  extraction  and  collection  of  the  acetate 
leachates  as  suggested  by  Toth  and  Ott  (1970),  the  filtrates  were 
analyzed  tor  potassium  by  flame  atomic  absorption. 

32b.  Suit  ides.  Attempts  were  made  to  analyze  for  total,  acid 
volatile  sulfides  in  the  soil  samples.  A methodology  was  devised 
following  the  work  ot  Ooldhaber  (1974).  Approximately  20  g DW  ot  soil 
was  weighed  into  tared,  125-ml  flasks.  The  samples  were  covered  with 
SO  ml  distilled  water  (pH  8.0),  stoppered,  and  attached  to  the  Nj 
purging  system  on  a wrist  action  shaker.  The  flasks  were  purged  for  5 
minutes  with  Na  to  remove  gaseous  sulfur  contamination.  Each  flask  was 
attached  to  a sulfide  trap  consisting  of  10  ml  of  0.S  M AgNO-j. 

Following  purging  ot  the  system,  10  ml  of  b.O  N H2SO4  was  injected  into 
the  sample  flasks  to  volatilize  the  sulfides,  and  purging,  with  sample 
agitation,  was  continued  for  30  minutes.  The  silver  sulfide 
precipitate  was  collected  following  the  acid  treatment  bv  vacuum 
tilt  rat  Ion  onto  tared,  membrane  filters.  Acid  volatile  sulfides  were 
calculated  using  dry  weights  ot  the  filtered  precipitates. 

127.  Cation  exchange  capacity  and  CES  (exchangeable  bases). 

Cation  exchange  capacity  (CEC)  and  CES  were  determined  as  discussed  in 
Black  et  al  (19b5),  and  with  slight  modification,  the  methods  of  Toth 
and  Ott  (1970)  were  followed.  For  the  data  presented  in  this  report, 
approximately  10  to  IS  g (WW)  of  freshly  thawed  soil  sample  was  weighed 
into  50-ml,  acid-washed  Erlenmeyer  flasks  and  covered  immediately  with 


JO  ml  IN  neutral  NH4OA1'.  The  flasks  were  placed  on  a wrist  action 
shaker  and  agitated  lor  lf>  hours.  Kxper  inient  s conducted  prior  to 
experimental  and  reference  sites  soils  analyses  indicated  that  the 
extremely  short  (30-minute)  equilibration  time  suggested  bv  Toth  and 
Ot t ( 1970)  was  inadequate  tor  soil  samples  collected  from  the  marsh 
interior  at  the  experimental  site  and  stations  at  the  reference  site. 
TIi  i s is  probably  related  to  the  high  organic  content  and  silty  nature 
ot  these  marsh  samples.  Resolution  ot  equilibration  time  with  mild 
agitation  was  done  using  time  series  experiments  on  replicated  soil 
samples.  Kqui  l i brat  ion  times  ot  1,  2,  t> , 12,  and  24  hours  were  chosen 
tor  the  experiment  and  the  results  presented  below: 


K.xpe  r i - 
ment  a 1 

X 

t'oet  t ic  lent 

l-'qui  1 i brat  ion 

li  1 ank  * 

(meq/ 1 00 

(meq/  1 1'O 

of  Var i at  ton 

Time  (hr.) 

(men  Nil'*) 

g MW) 

Range 

a) 

1 

0.437 

44 . 40 

56 . 36 

23.92 

30 . 0 

08.32 

> 

0. 790 

54 . 52 

60 . 94 

12.81 

14.9 

67.35 

b 

0.518 

62.60 

59.43 

6 . 34 

7.5 

5 6 . 2 6 

12 

0.3  78 

5 5 . 36 

59.97 

9.22 

10.8 

64 . 58 

24 

0.278 

54 . 58 

55.09 

2.88 

3.5 

5 5.60 

* Mean  ot  two  determinations 


The  samples  tor  the  experiment  were  taken  from  the  Mucking  Stool -Pickerel 
Weed  plant  sampling  site  and  represent  a soil  of  high  organic  matter 


content,  nutrients,  and  exchange  capacity  relative  to  the  other  sampling 
areas.  The  results  ot  the  experiment  suggest  that  equilibration  times 


should  ho  longer  than  proposed  by  Toth  and  Ott  (1978)  for  marsh  soils; 
the  authors  chose  lh  hours  lor  the  current  work  as  a compromise  In  terms 
of  sample  processing  (i.o.,  morning  preparations,  afternoon 
equilibration,  and  sample  analysis  the  following  morning)  and  efficiency 
of  operation.  Following  a more  thorough  study  resolving  equilibration 
times  for  various  soil  and  sediment  types,  the  authors  feel  that  the 
chosen  time  can  be  significantly  reduced.  Sample  size  to  volume  ratios 
for  the  various  leachates  and  sample  washings  were  exactly  as  reported  by 
Toth  and  Ott  (1970).  Centrifugation  was  substituted  for  the  suggested 
filtration  step  for  collecting  the  various  leachates  as  a means  of 
reducing  contamination  for  the  NH4  determination  and  to  reduce  sample 
processing  time  especially  with  the  siltv  marsh  soils. 

178.  For  the  CKC  determination,  NH4  (the  exchanged  cation)  in  the 
10%  NaCl  leachates  was  determined  by  the  colorimetric  method  of  Solorzano 
(19h9).  NH4CI  standards  in  10%  NaCl  were  used  for  standardization. 

1' 

37l).  hCS  was  determined  by  the  procedures  given  in  Toth  and  Ott 
(1970).  Because  of  apparent  Fe  contamination  in  the  CKC  determinations, 

KCS  was  run  on  a separate  set  of  soil  subsamples.  The  exchangeable 
cations  Fe , Mn , Zn,  Cu,  Ni , Na , K,  Ca , and  Mg  were  determined  bv  flame 

] 

atomic  absorption. 

1T0.  The  above  methods  were  used  for  analysis  of  the  November  1976 
sampling  program.  Because  of  harsh  field  conditions  during  the  period  of 
sample  collection,  field  Eh  measures  were  not  obtained,  and,  for  some 
sampling  stations,  less  than  100  g of  material  was  available  for  all  the 
analyses  of  soil  >15  cm  in  depth  due  to  poor  core  penetration  and  sample 
retention,  expecially  for  bottom  samples  from  stations  2,  7,  and  8 
(interior  stations  at  the  experimental  site).  As  a result,  the  analyses 
of  bottom  samples  2,  7,  and  8 are  Incomplete  for  ECS  and  some  nitrogen 
species.  For  .ill  analyses,  the  composite  core  samples  were  kept  frozen 
(~20°C)  until  analysis. 

VU.  A third  field  sampling  program  was  carried  out  (June  1977) 
employing  the  same  methods  as  before  and  in  situ  analyses  reported  for  pH 
and  Eh  profiles  and  nutrient  analyses  for  specific  samples  that  are  not 
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reported  tor  November.  Other  analyses  for  tilts  sampling  program  will  be 
completed  as  time  permits.  All  sample  handling  and  analytical  techniques 
were  as  discussed. 

Results  and  Discussion 

112.  Tables  SS  and  lib  give  field  descriptions  and  general 
characteristics  of  the  soil  sampling  stations  for  the  October  and 
November  197b  sampling  programs,  respectively.  The  stations  were  chosen 
to  coincide  with  the  197b  vascular  plant  sampling  areas.  The  areas  were 
heterogeneous  in  terms  of  both  biological  (plant)  character  1st  ics , origin 
ot  substrate  (dredged  material,  dike  construction,  and  mixtures), 
physical  influences  (exposure  and  tidal  inundation),  and,  as  reported 
here,  the  soi 1 parameters  investigated  for  this  study.  Soil  textural 
classes  ranged  from  sand  to  silty  clavs. 

til.  Stations  Wl’ 1 , 4,  and  9 at  the  experimental  site  were  sand 
soils  and  dominated  bv  mixed  grasses  and  small  trees  (willow).  Wl’l  was  a 
sandy  loam  soil  and  also  vegetal iona 1 1 y dominated  bv  mixed  grasses 
(i’anicum  sp.).  Wl’l  was  probably  a mixed  soil  of  both  dredged  material 
and  dike  origin.  WP3,  4,  and  9 soils  were  of  dike  construction  origin. 

No  comparable  sites  existed  at  the  reference  site  marsh.  These  stations 
represented  the  highest  elevations  at  the  experimental  marsh  (range:  + 

4.4  to  + b.S  feet  above  mean  low  water).  Table  S 7 summarizes  soil 
part i c le  si ze  da t a . 

114.  Stations  WPS  and  Wl’b  were  interior  dike  sampling  areas  and 
dominated  by  the  Typha-Bidens  plant  association  and  are  classed  as  silty 
loam  and  sandy  clay  loams  respectively.  The  vegetation  zone  formed  a 
more  or  less  continuous  border  around  the  island  interior  between  the 
regularly  flooded  lower  marsh  elevations  dominated  bv  the 
Sagit taria-I’ontederla  association  and  the  dike  itself.  The  soil  was  of 
dredge  material  origin  and  contained  a higher  percentage  silt-clay 
fraction  than  the  dike  areas.  The  two  stations  dit feted,  however,  in 
particulate  size  fractionation  in  the  top  lb  cm  with  WPS,  located  along 
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the  southern  dike  and  farther  from  the  direct  influence  of  the  discharge 
or  spillway  used  during  Island  construction,  having  a higher  silt-clav 
traction  (7b. 81%)  than  WFb , located  along  the  northern  dike  and  nearer 
the  original  spillway,  having  a silt-clav  fraction  of  38.b2%  (see  Table 
57).  It  is  suspected  from  field  observations  that  some  mixing  of  dike 
construction  and  dredged  materials  took  place  in  these  areas  due  to 
either  aeolian  or  water  transport.  WPS  in  particular  showed  a 
significantly  higher  gravel  content  (53.88%)  in  the  > 1 5 cm  soil  sample 
and  indicated  the  extreme  heterogeneity  of  the  soil  substrate  and 
possible  intrusion  of  diked  material  below  the  surface  layers  in  this 
vegetation  zone. 

) Vv  Stations  WV‘2  and  WP7,  and  WP8  were  all  interior  marsh 
stations  and  characterize  the  lower  intertidal,  vegetated  and 
non-vegetated  areas  respectively.  WP2  and  WP7  were  dominated  bv  the 
Sag  i 1 1 a r ia-yPont odor ia  plant  association  with  a silty  loam  soil.  WPS  was 
a non-vegetated,  lower  Intertidal  soil  sampling  site  near  the  breach  in 
the  southern  dike  and  was  a loam  soil. 

lib.  The  soils  ot  these  areas  were  predominately  silt-clays  (b7  to 
84%)  in  the  top  15  cm  with  silt-sized  materials  being  the  major  fraction. 
The  vegetated  sites  were  similar  in  nearly  all  respects.  WPS  was  similar 
for  most  measures  except  a somewhat  lower  silt  content  than  the  other 
stations  (see  Table  57).  There  was  also  evidence  of  dike  materials  being 
transported  into  this  area  (WPS);  however,  the  areas  of  mixing  were 
obvious  and  were  avoided  during  sampling  for  the  present  studv. 

117.  Two  areas  at  the  reference  site  were  selected  as  references 
tor  the  Saglttaria-Ponteder ia  and  Ty pha-B i dens  study  sites  at  Windmill 
Point.  The  Ducking  Stool  Peltand ra-Pont ederi a site  (DSPW)  had  a silty 
clay  soil.  The  Ducking  Stool  Typha-Bidens  area  (DSTy)  was  also  a silty 
clay  soil  but  contained  a higher  sand  fraction  than  DSPW  and  was  higher 
in  elevation.  Direct  comparison  ot  DSTy  with  WP4  and  WP5  soils  was  not 
possible  due  to  the  extreme  heterogeneity  of  the  WP  sites. 

138*  Physical  analyses,  other  than  particle  size  for  the  soils, 
are  presented  in  Table  58.  Soil  pit  was  near  neutral  for  all  stations 
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except  WP9  which  was  more  acidic.  No  explanation  can  be  offered  for  this 
difference.  Soil  salinity  was  variable  and  low,  generally  reflecting 
river  salinities  reported  for  the  James  River  in  the  region  of  the 
experimental  site.  Percent  moisture,  volatile  solids,  and  organic  carbon 
generally  correlate  directly  with  the  " silt-clay  fraction;  i.e., 
increases  in  silt-clav  fraction  generally  correspond  to  increase  in  5- 
moisture,  volatiles,  and  organic  carbon  (Figure  48).  No  apparent 
correlation  was  evident  between  soil  pH  (in  water)  and  these  parameters. 

lio.  Correlation  between  X volatiles,  as  a measure  of  organic 

content,  and  soil  organic  carbon  was  not  as  good  as  one  might 

These  data  are  presented  in  Figure  49  with  the  0.4,  0.5,  and  O.b 
isop'Cths  for  organic  carbon:  X volatiles  ratios  drawn.  Data  points 
tailing  above  the  0.4  to  O.b  envelope  would  indicate  the  organic  carbon 
method  used  underestimated  total  organic  carbon.  Points  below  the 
envelope  generally  indicate  contamination  and  more  than  likely  weighing 
errors  associated  with  the  " volatiles  determination.  It  is  clear  in  the 
figure  that  many  of  these  data  fall  above  the  envelope,  particularly  the 
>15-cm  soil  samples  (solid  circles).  Because  the  Walk lev-Black  technique 
measures  only  the  easily  oxidizahle  organic  matter  fraction,  this  result 
was  anticipated.  The  more  refractory  organic  matter  constituents  would 
be  expected  in  the  lower  soil  layers.  These  retractile  components  may, 
however,  contribute  significantly  to  such  other  soil  measures  as  CEC  and 
extractable  nutrients. 

140.  Total  organic  nitrogen,  measured  as  Kjeldahl  nitrogen  (TON  + 
NII4),  the  extractable  inorganic  nitrogen  species  NO3 , and  NH4 , phosphorus 
and  potassium  soil  concentrations  are  presented  in  Table  59.  ,\s 

mentioned,  nitrite  was  below  detectable  limits.  Organic  nitrogen 
accounts  for  greater  than  90 of  total  soil  nitrogen  at  all  stations 
followed  by  NII4  and  NO3.  Phosphorus  and  potassium  followed  the  same 
general  trends  as  nitrogen  with  the  sand  soils  low  (Wl’3,  4,  and  Q) , sandv 
loam  soils  intermediate  (WP1  and  b),  and  the  silty  loam  soils  and  silty 
clays  progressively  higher  (WP2,  5,  7,  8,  and  the  reference  marsh  sites). 
These  nutrient  data  follow  the  same  general  trend  established  hv  the 
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particle  size  analyses  and  the  physical  parameters  reported  before. 

3s  1 . Since  the  study  did  not  include  seasonal  soils  data  or 
above-below  ground  plant  tissue  analyses  tor  carbon,  nitrogen, 
phosphorus,  and  potassium,  no  detailed  comparison  for  plant-nutrient 
relationships  are  possible.  It  appears  that  comparable  plant  sampling 
areas  at  the  experimental  and  reference  sites  were  similar  although  soil 
nitrogen  tended  to  be  lower  and  extractable  phosphorus  higher  for  the 
interior  marsh  stations  at  t lit?  experimental  site.  No  statistical  degree 
of  confidence  can  be  ascribed  to  the  measured  differences,  however. 

These  stations  (WP2,  5,  h,  and  7)  also  were  lower  in  both  % volatiles  and 
organic  carbon,  indicating  that  the  soil  system  was  still  developing  at 
the  experimental  site. 

342.  CKC  and  CES  determinations  are  presented  in  Table  60.  The 
values  fall  in  the  higher  range  reported  by  Toth  and  Ott  (1970)  for 
various  bay  and  riverine  sediments.  The  reference  marsh  soils  exhibited 
the  highest  reported  values  (DSPW  and  DSTv  surface  samples).  The  trends 
were  similar  to  those  previously  discussed  and  follow  the  soil  textural 
classes  with  sand  soils,  low  progressing  to  the  highest  values  associated 
with  the  silty  clay  soils  of  the  reference  marsh.  The  sand  soils  appear 
high  relative  to  the  other  classes.  No  causal  explanation  can  be  offered 
other  than  re-emphasizing  that  even  within  this  soil  class  there  was 
extreme  heterogeneity  among  samples.  The  CEC  values  correlate  closely 
with  the  silt-clay  soil  fraction  and  organic  matter  soil  content  (% 
volatiles).  Figure  50  illustrates  the  simple  linear  correlation  and 
suggests  that  70  to  80%  of  soil  CEC  can  be  attributed  to  organic  matter 
(presumably  the  major  part  of  the  silt-clav  fraction).  Toth  and  Ott 
(1970)  report  that  80%  of  CEC  for  bay  and  riverine  sediment  is  due  to  the 
organic  matter  content.  It  is  interesting  to  note,  however,  that  other 
factors  must  also  be  included  for  a complete  understanding.  DSTy  soil 
samples  did  not  fall  within  the  bounds  projected  by  the  regression 
analyses.  These  soils  are  marked  with  an  asterisk  (Figure  50B)  and  were 
not  included  in  the  data  set  for  regression  calculation.  It  is 
speculated  that  soil  pH,  minerologv,  and  the  chemical  nature  of  the 


organic  matter  contributes  to  the  unexplained  variation. 

343.  Exchangeable  bases  or  CES  (Toth  and  Ott  1970)  of  the  soils 
were  highly  variable.  No  consistent  pattern  in  terms  of  absolute 
quantity  of  exchangeable  cation  (by  species)  was  apparent.  All  values 
appear  low,  particularly  iron  and  manganese.  We  have  not  been  able  to 
account  for  this.  The  exchangeable  H as  presented  in  the  Table  is 
therefore  probably  in  error  since  it  was  based  on  the  difference  between 
CEC  and  the  sum  of  exchangeable  cations.  An  alternative  explanation  is 
that  the  sample  handling  procedure  oxidized  the  soils  sufficiently  to 
reduce  the  metals  to  trace  levels.  A general  pattern,  however,  was 
consistent  for  all  samples  with  calcium,  sodium,  and  magnesium  being  the 
predominate  exchangeable  cation  and  potassium,  iron,  and  manganese  lower 
and  for  some  soils  below  detectable  limits.  The  qualitative  exchange 
status  of  each  cation  is  presented  in  Table  61.  Only  the  top  (0-  to 
15-cm)  samples  are  included  since  four  bottom  samples  stations  lacked 
enough  material  for  determination. 

344.  Exchangeable  zinc,  copper  and  nickel  determinations  are 
presented  in  Table  62.  These  data,  as  well  as  the  values  for  iron  given 
in  the  previous  table,  are  suspect.  Perhac  (1974)  claims  that  NH^OAc  is 
not  effective  in  removing  (leaching)  metals  from  sediment.  During 
analysis,  a 5-  to  10-fold  variation  was  often  encountered  in  replicate 
soil  samples.  Even  on  samples  with  good  replication,  the  concentrations 
were  at  or  very  near  detection  limits.  It  can  only  be  concluded  that 
either  exchangeable  zinc,  copper,  and  nickel  were  present  at  very  low 
concentrations  at  the  soil  sampling  stations  or  the  finding  of  Perhac 
(1974)  that  the  methodology  suggested  for  these  analyses  is  inappropriate 
must  be  supported. 

345.  Table  63  presents  the  field  data  obtained  from  the  third  soil 
sampling  program.  These  data  suggest  that  the  soils  were  in  general  not 
highly  reduced  which  may  in  part  explain  the  low  exchangeable  iron  and 
manganese  values  as  these  would  be  present  in  the  oxidized  state  and  not 
measured  as  part  of  CES.  WP3  was  the  only  station  that  indicated 
significant  reduction  potential  at  depth.  These  data  agree  with  the 
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general  findings  of  Adams  and  Darby  (1976). 

Summary 

346.  The  soils  studies  carried  out  during  the  present  investigation 
were  designed  to  complement  concurrent  studies  of  the  vascular  plant 
flora  of  the  experimental  and  reference  marshes.  Few  comparative  data 
exist  in  the  literature  for  the  agronomic  measures  reported  here  for 
waterlogged,  tidal-freshwater  marsh  soils  and  the  associated  vascular 
plant  flora  that  make  up  the  major  marsh  areas;  i.e., 

Sagittaria-Pontederla-Peltandra  associations.  The  experimental  design 
followed  does  not  lend  itself  to  the  identification  and  explanation  of 
causal  plant-soil  relationships.  The  comparisons  are  descriptive  of 
general  soil  conditions  within  various  vegetational  zones  for  one  point 
in  time.  The  results  do  suggest  areas  where  more  detailed  study  would  be 
fruitful  for  the  purposes  of  the  Dredged  Material  Research  Program  at 
WES.  This  summary  is  therefore  restricted  to  comparisons  between  the 
various  zones  and  suggest  possible  explanations  for  the  observed  plant 
community  characteristics  and  soil  parameters.  The  following  conclusions 
are  drawn  from  the  data  reported. 

347.  The  soil  measures  reported  demonstrate  the  extreme  spatial 
heterogeneity  of  soil  characteristics  at  the  experimental  bite.  General 
groupings,  based  on  soil  textural  classes  would  be  the  sand  and  sandy 
loam  soils  (WP1,  3,  4,  and  9),  the  clay  and  silty  loam  soils  (WP6,  2,  5, 
and  7),  and  the  loam  and  silty  clay  soils  (WPS,  DSPW,  and  DSTy).  These 
areas  generally  correspond  to  the  dike,  interior  dike,  and  lower 
elevations  of  the  marshes  at  Windmill  Point  and  Ducking  Stool 
respectively.  These  areas  grade  elevationally  from  the  supratidal  dike 
areas  to  the  low  intertidal  areas  having  mean  inundation  periods  of  30  to 
40  percent.  The  zones  differ  in  plant  community  structure  probably  as 
the  result  of  both  elevation  and  soil  characteristics.  As  mentioned,  WP1 
demonstrated  characteristics  intermediate  between  the  other  dike  areas 
and  the  Typha-Bidens  zone.  This  in  all  likelihood  reflects  the  mixed 
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nature  ot  the  substrate.  Wr‘>  aiui  Wf t>  were  also  dissimilar  In  many 
respects  (l.e.  particle  size  t ract  lonat  Ion,  organic  matter  content, 
nutrients).  This  is  probably  due  to  original  particle  size  t ract lonat Ion 
and  distribution  occurring  during  island  const  met  ion. 

148.  For  nearly  all  measures,  there  was  a significant  and  positive 
correlation  between  X silt-clay,  Z volatiles,  and  organic  carbon.  CKC 
relates  significant Iv  to  these  measures  and  supports  the  conclusions  ot 
Toth  and  011  (19/0)  and  Boyd  (1970).  These  measures  also  tollowed  the 
general  elevation  gradient  relative  to  mean  low  water  and  soil  texture 
c l asses . 

0*9.  The  physical  and  chemical  analyses  ot  soils  indicated  that 
reference  site  soils  were  higher  with  regard  to  Z volatiles,  organic 
carbon,  soil  nitrogen,  and  CKO.  In  particular,  differences  in  CKO  a ml 
soil  nitrogen  between  reference  and  experimental  site  soils  mav  .account 
tor  the  observed  significant  difference  in  1‘outcdcria  plant  height 
between  these  sties  tor  the  i9/t>  growing  season.  Differences  in  plant 
height  and  productivity  due  to  different  nutrient  regimes  have  been 
reported  tor  a variety  ot  marsh  ecosystems  (e.g.,  Wetzel  et  al.  |9/7; 
Chalmers  et  al.  1 9 7b). 

l‘>0.  I'he  data,  particularly  those  soil  measures  generally  re'nted 
tii  plant  growth  and  decomposition  (e.g.  organic  matter  content,  available 
nutrients,  and  soil  measures  attributable  to  organic  content  such  as 
CKC),  suggest  that  the  soil  system  at  the  experimental  site  is  still 
deve topi ng. 

I'll.  Various  methods  were  found  inappropriate.  Methods  modified 
after  the  work  ot  Coldhaber  (1979)  tor  sulfide  analysis  were  not 
quantitative  and  generally  displayed  high  variability.  Repeated  attempts 
tii  stands  tal  (ze  the  method  were  not  successful  considering  the  reported 
low  levels  ot  sulfides  present  (Adams  and  Darby  197b).  Bremner  and  Bundy 
(1974)  have  reported  and  c I t e the  Influences  ot  organo-sul t ur  compounds 
on  soil  nitrogen  determinations  and  soil  nitrification.  It  would  seem 
appropriate  that  an  adequate  sulfur  methodology  be  devised  tor  future 
study  particularly  it  such  studies  Include  nutrient  dynamic  aspects.  A 
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second  method  which  Indicated  extreme  variability  was  analysis  ot 
exchangeab 1 e metals  (Iron,  manganese,  zinc,  copper,  nlekel)  employing 
aeetate  tor  soils  extraction.  I’erhae  (1*1/4)  lias  reported  on  t lie 
lnadei|uac  les  ot  aeetate  leaelitng,  and  Harris  (1’ersonal  Common  l eat  1 on , 

Kletiard  Harris,  VIMS,  (.'loneester  Point,  Virginia)  ronl  Inns  his  findings 
and  general  eonelustons.  Because  t lie  analysis  methodologies  are  outside 
the  authors'  areas  ot  experience,  they  can  otter  no  suggestion. 

Comparison  ot  exchangeable  metals  (by  the  methods  suggested)  and  total 
soils  metal  analyses  would  suggest  that  it  the  aeetate  leaching  methods 
are  appropriate  tor  determining  exchangeable  metal  species,  the  soils 
metals  at  the  experimental  site  are  not  readily  available  tor  plant 
l ncorporat 1 on. 

(' 
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SUMMARY  AND  OVKKVtKW 


M.  r.  Lynch 

l‘>_’.  The  Wttulmlll  t’olnt  marsh  deve  1 opment  project  succeeded  1 u 
constructing  an  island  marsh  tiahitat  that  was  attractive  to  plants  and 
animals  indigenous  to  the  local  region.  Although  the  teasihilitv  ol 
constructing  succe.sstul  t resh  water  tidal  marshes  was  demonstrated,  not 
all  the  original  goals  were  achieved. 

IS  l.  With  minor  exceptions,  the  seeded  or  sprigged  species  did 
not  last  beyond  the  tirst  growing  season,  and  no  el  led  ot  the 
alternate  treatment  ot  areas  with  fertilizer  was  apparent. 

Is.'t.  Hie  western  end  ot  the  Island  was  severely  eroded.  Bv  the 
end  ot  the  study,  only  a short  section  ot  the  original  dike  remained  to 
protect  the  Interlot  marsh.  Two  breaches  occurred  before  completion  ot 
the  project.  One  ot  these  was  successfully  plugged.  The  other  breach, 
on  the  south  side  ot  the  Island,  now  tunct ions  as  one  ot  the  main 
channels  ot  tidal  water  exchange. 

INS.  l‘he  use  ot  a reference  marsh  and  adjacent  uplands  tor 
comparison  with  the  experimental  island  marsh  was  only  partially 
successful,  principally  because  no  marshes  In  the  open  exposed  position 
ot  the  experimental  site  i-oulil  be  located.  Sufficient  similarity  was 
obtainable,  howevei , to  demonstrate  success  ot  the  experimental  marsh. 

r>t>.  Ihe  principal  difference  between  the  experimental  site  and 
the  reference  site,  other  than  exposure,  was  the  s l gn 1 1 l cant  1 v higher 
concent  rat  ion  ot  soil  constituents  at  the  reference  site,  such  as  l 
volatiles,  organic  carbon,  soil  nitrogen,  and  cation  exchange  capacity, 
which  ate  related  to  accumulation  and  breakdown  ol  plant  detritus, 
tlighei  soil  nitrogen  at  the  reference  site  may  have  been  t he  cause  tor 
the  significantly  htghet  height  ot  the  plckerelweed  In  this  area  in 
I / b . 

I‘>/.  Watei  gnalltv,  with  the  exception  ot  a higher  dissolved 
oxvgen  at  t he  reterence  site,  did  not  dltter  between  the  two  areas. 

INS.  Soil  studies  Indicated  extreme  spatial  heterogeneity  ot  soil 
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characteristics  at  the  exper Inionta  1 site.  'Hu*  dike,  Interior  dike,  ami 
lower  marsh  elevations  were  saml  a ml  sandy  loam  soil,  elav  ami  silty 
loam  soils,  and  loam  and  silty  elav  soils  respectively.  At  t he 
reference  site,  loam  and  silty  elav  soils  were  tound. 

IS1).  For  nearly  all  areas,  there  was  a significant  and  positive 
correlation  between  % silt-clay,  Z volatiles,  and  organic  carbon. 

These  characteristics  also  followed  a general  elevation  gradient  that 
retleets  the  periods  ot  inundation  as  did  the  soil  tvpes  with  higher 
values  in  the  lower  marsh  loam  and  silty  clays  and  lower  values  in  the 
higher  sand  and  sandy  loam  soils. 

lbl>.  The  soil  measures  generally  related  to  plant  growth  and 
decomposition,  such  as  organic  constituents,  indicate  the  soil  system 
at  the  experimental  site  Is  still  developing.  Field  observations  at 
the  experimental  site  also  Indicate  there  Is  mixing  ot  dike  material 
with  marsh  material  which  is  Influencing  tlual  soil  characterizations. 

ini.  With  the  exception  of  the  higher  nitrogen  and  cation 
exchange  capacity  previously  mentioned  that  is  thought  to  account  tor 
significantly  higher  plckerelweed  at  the  reterence  site  during  the  19/0 
growing  season,  no  causal  soil-plant  relationship  was  discernible  t tom 
this  study.  1’lant  distribution  and  zonal  ion  appeared  to  be  controlled 
more  bv  physical  environmental  (actors  such  as  elevation  and  tidal 
Inundation  titan  dltterences  in  soil  characterist  ics. 

lb/.  A tloral  inventory  ot  the  experimental  site  in 
19/4  indicated  that  prior  to  dike  construction,  about  V'  species  were 
tairly  distributed  between  marsh  and  supratldal  habitats.  Alter 
construction,  by  July  19/S  this  number  was  roughly  doubled  by  natural 
invaders  plus  the  six  Introduced  species.  Between  July  19/S  and 
September  19//,  the  number  ot  Invading  species  had  decreased. 

lb  1.  The  botanical  studies  Indicated  that  plants  were  grouped 
into  tour  major  zones:  an  arrowhead-piekere lweed  zone  occupying  the 
low,  broad  interior  ot  the  islattd;  a beggar  tick  zone  at  higher  levels 
ot  the  marsh;  a panic  grass  zone,  the  remnants  ol  the  plantings  ot 
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beachgrass  anil  switch  grass  which  ran  In  an  Interrupted  band  around  t lu* 
Island;  and  the  only  wooded  area,  a black  willow  zone  consisting  ot 
black  willow,  cottonwood,  and  common  alder  on  the  eastern  portion  ot 
the  island.  The  remainder  ot  the  plant  zones  were  heterogeneous 
mixtures  ot  two  or  more  species. 

Jt>4.  Maximum  plant  development  at  the  experimental  site  appeared 
to  take  place  in  July  and  August  as  opposed  to  June  tor  the  reference 
site.  No  specific  reason  for  this  difference  was  Identified. 

It'S.  Apparent  success  loua  1 changes  in  plant  cover  as  detected 
from  aerial  photographs  were  actually  stages  ot  a normal  seasonal 
cycle.  Successional  changes  are  occurring,  as  evidenced  bv  changes  in 
willow  distribution  at  the  northeast  corner,  but  accurate  assessments 
can  be  made  only  through  long-term  studies. 

Inn.  it  appears  that  the  ar rowhead-p lekere lweed  and  beggar  tick 
zones  are  approaching  climax  or  near-climax  conditions  in  the 
experimental  marsh  areas.  In  the  higher  areas  ot  the  original  island 
and  the  dike,  the  Increasing  growth  ot  trees  with  changing  shade 
conditions  will  continue  to  exhibit  changing  species  distribution. 

Jb7.  During  19/7,  Insects  dramatically  reduced  the  vegetation  ot 
the  reference  site.  Grasshoppers  and  Japanese  beetles  were  also  noted 
at  the  experimental  site,  but  insect  damage  there  was  slight.  The 
ma  jor  plant  damage  Inflicted  by  animals  at  the  e , oriniental  site 
resulted  t rom  muskrat  activity.  Muskrats  destroyed  plants  in  many 
areas,  whether  for  food  or  for  lodge  construction.  Plants  were 
destroyed  by  direct  consumption  ot  roots  and/or  shoots  and  by  tunnels 
and  runways  dug  by  the  animals.  Several  small  areas  were  almost 
completely  denuded,  but  during  the  year  many  were  revegetated. 

Ib8.  An  effect  of  severe  winds  was  observed.  The  ettect  on 
beggar  ticks  was  very  deleterious,  since  visual  comparisons  ot  plant 
heights  between  197b  and  1977  revealed  a sharp  decrease  in  beggar  ticks 
height,  whereas  arrowhead  and  plckerelweed  were  largely  unattected. 
Apparently,  the  flexibility  ot  sott-stemmed  plants  such  as  arrowhead 
and  plckerelweed  contributed  to  their  survival  during  the  July  19/7 


windstorm,  whereas  the  tailor,  rigid  stems  of  such  plants  as  beggar 
t Ieks  and  water  hemp  were  broken. 

)t>u.  Krosion  greatly  Impaeted  the  vegetation  on  the  western  end 
ot  the  Island.  The  planted  panic  grass  on  t he1  dike,  although 
apparently  a good  soli  retainer,  was  undermined  by  wave  action.  Kven 
woody  plants  such  as  willows  were  eventually  uprooted. 

570.  The  Windmill  Point  experimental  site  provides,  by  virtue  ot 
its  openness  relative  1 1>  surrounding  woodland  communities,  sand  beach 
perimeter,  large  tidal  flat,  and  basin,  a combination  ot  habitats 
unique  to  the  upper  tidal  James  River.  The  most  obvious  result  ot  this 
combination  of  habitats  is  the  large  number  ot  birds  recorded  at  the 
experimental  site  compared  to  t ho  reference  site.  The  island-marsh 
appears  to  act  as  an  avian  motel  drawing  migrants  t rom  many  groups, 
especially  those  associated  with  intertidal  environments. 

571.  The  greater  number  ot  birds  at  the  experimental  site  was 
primarily  due  t o gulls,  terns,  and  wading  birds  that  were  attracted  to 
the  intertidal  flat  areas.  Four  species,  the  ring-necked  gull, 
red-winged  blackbird,  laughing  gull,  and  Canada  goose , comprised 
two-thirds  ot  all  the  individuals  at  the  experimental  site.  At  both 
the  berm  and  marsh  reference  sites,  the  red-winged  blackbird  and  seed 
eaters,  either  tringllllds,  sparrows,  or  cardinals,  made  up  t tie  greater 
part  of  the  population. 

37J.  Bird  density  at  the  experimental  site  was  highest  In  early 
spring  and  tall  and  lowest  in  early  summer.  This  was  principally  due 
to  migrants,  particularly  gulls  and  geese. 

173.  Only  the  mallard,  killdeer,  red-winged  blackbird,  and 
possibly  the  song  sparrow  nested  on  the  island.  Breeding  could  only  be 
confirmed  for  the  mallard  and  red-winged  blackbird.  Predation  bv  tlsh 
crows  and  rice  rats  are  considered  to  have  a major  impact  on  nest 
success  ot  red-winged  blackbirds. 

374.  The  most  important  food  Items  tor  bird  species  at  the 
experimental  site  were  tlsh,  ground  seed , and  tidal  Invertebrates. 
Waterfowl,  eating  leaves,  roots,  and  aquatic  seeds,  were  also  an 
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important  group  at  the  island.  Canada  geese  were  the  most  important 
birds  in  this  category  and  are  considered  responsible  for  elimination 
of  some  of  the  planted  species. 

375.  Muskrats  dominated  the  wildlife  other  than  birds.  By  the 
end  of  the  study,  11  muskrat  lodges  were  located  on  the  island. 

Numerous  runs  and  cleared  feeding  pads  indicated  a substantial 
population.  Considerable  damage  to  willows  was  caused  by  the  muskrats. 
The  only  other  mammal  noted  was  the  rice  rat. 

376.  Benthic  organisms  are  key  secondary  producers  in  both  marsh 
ecosystems  and  in  the  shallow  water  ecosystems  that  pre-existed  at  the 
experimental  site  before  island-marsh  construction.  Initially,  only 
macrobenthos  was  sampled,  but  after  preliminary  analysis  of  fish  food 
habits,  meiobenthos  was  examined. 

377.  Production  estimates  showed  that  in  the  reference  marsh 
meiobenthos  were  nearly  as  important  as  producers  as  macrobenthos, 
while  macrobenthos  production  (principally  by  oligochaetes)  was 
overwhelming  in  experimental  marsh  habitats.  Although  total  production 
of  benthos  was  much  higher  in  experimental  marsh  habitats  than  in  the 
reference  marsh  or  on  the  open  tidal  flat,  meiobenthos  production  was 
greater  in  reference  marsh  habitats. 

378.  Macrobenthos  was  qualitatively  and  quantitatively  dominated 
by  tublficid  oligochaetes  and  larval  chironomid  insects.  The  bivalve, 
Corbicu la  manllensis , was  also  very  abundant.  Oligochaetes  of  the 
genus  Limnodr 11 us  were  the  numerical  and  biomass  dominants  in  most  of 
the  habitats. 

379.  Total  density  and  biomass  were  highest  in  the  low  marsh  and 
subtldal  channels  of  the  experimnental  site.  Intermediate  density  and 
biomass  were  found  in  the  higher  marsh  at  both  sites  and  in  low  marsh 
at  the  reference  site.  Lower  values  were  found  outside  of  the  marshes 
on  adjacent  tidal  flats  and  on  subtidal  bottoms  used  by  the  project. 

Tlie  differences  were  mainly  due  to  differences  in  populations  of 

o 1 igochaetes . 

380.  The  density  and  biomass  of  macrobenthos  were  highest  in 
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summer  and  lowest  in  winter.  Species  diversity  was  higher  at  the 
reference  site  than  the  experimental  site  due  to  both  a greater  number 
of  species  and  less  dominance  by  a few  species  at  reference  site 
t stations. 

381.  Protection  of  tidal  flat  macrobenthos  from  predation  by  use 
of  an  exclosure  cage  resulted  in  a 3-fold  increase  in  density  and  a 
44-fold  increase  in  biomass  over  surrounding  areas  indicating  that 
predation  by  fish  and  birds  plays  a key  role  in  benthic  community 
structuring. 

382.  The  permanent  meiobenthos  was  comprised  principally  of 
nematodes,  cladocerans,  ostracods,  and  copepods.  The  density  of 
meiobenthos  was  greatest  in  low  marsh,  subtidal  channel,  and  tidal  flat 
at  the  experimental  site.  Estimated  biomass  was  greater  at  comparable 
reference  sites  principally  because  of  greater  density  of  crustaceans. 

383.  Benthic  organisms  were  a major  part  of  the  diet  of  the 
dominant  fishes.  Meiobenthic  organisms,  especially  small  crustaceans, 
were  very  important  in  this  respect.  Larger  macrobenthic  organisms 
such  as  oligochaetes  were  not  numerically  important  food  for  the  small 
fish  that  made  up  most  of  the  sample.  Overall  crustaceans  were  the 
most  abundant  food,  followed  in  decreasing  order  by  insects,  plant 
seeds,  molluscs,  and  fish  and  fish  eggs. 

384.  The  reference  site  had  significantly  more  fish  species  and  a 
higher  fish  species  diversity  than  the  experimental  site.  Apparent 
differences  in  numbers  and  biomass  at  the  2 sites  were, 

however,  not  significant.  The  greater  number  of  species  and  higher 
species  diversity  at  the  reference  site  are  attributed  to  a greater 
diversity  of  subhabitats  (debris,  branches,  etc.). 

385.  In  comparison  with  adjacent  open  bottom,  the  creation  of  the 
marsh  has  undoubtedly  increased  abundance  and  diversity  of  fish  in  the 
area.  The  marsh  has  resulted  in  more  food  and  protection  for  many 
fish.  The  abundance  of  important  forage  species  like  the  mummichog  and 
spottail  shiner  was  probably  increased  since  they  exhibit  a strong 
dependence  on  littoral  areas.  Two  species  of  some  commercial  and 
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recreational  importance,  the  channel  catfish  and  the  white  perch,  use 
the  shoal  areas  adjacent  to  the  island  for  nocturnal  feeding. 

18t>.  The  most  Important  t ish  species  in  terms  of  abundance, 
biomass,  and  frequency  ot  appearance,  in  decreasing  order,  were  the 
spottall  shiner,  white  perch,  American  eel,  thread! in  shad,  nutmmichog, 
tidewater  sllverside,  gizzard  shad,  channel  catfish,  silvery  minnow, 
and  spot.  This  corresponded  to  the  general  condition  of  the 
icthyofauna  in  this  section  of  the  James  River. 

187.  Although  this  series  ot  studies  has  demonstrated  that  tidal 
t resh  water  island-marsh  habitats  can  be  constructed  and  attract  local 
species,  certain  questions  still  remain.  By  comparison  with  data  from 
similar  reference  site  habitats,  it  is  obvious  that  the  island-marsh 
system  is  still  evolving  towards  the  more  typical  marsh  system  with 
adjacent  woodlands.  It  the  rapidly  eroding  western  end  of  the  island 
becomes  stabilized  and  the  internal  marsh  protected  from  erosion,  It 
will  be  Interesting  to  note  whether  the  soils  in  the  marsh  system 
continue  to  Increase  in  those  characteristics  associated  with  decaying 
plant  material  such  as  organic  carbon,  nitrogen,  X volatiles,  and 
cation  exchange  capacity,  or  whether  the  admixture  of  sand  blowing  or 
washing  over  the  dikes  at  high  water  will  be  sufficient  to  retain  the 
more  sandy  characteristics  at  the  experimental  site. 

388.  The  openness,  including  lack  of  substantial  trees  is 
considered  to  contribute  to  the  large  number  of  bird  species  at  the 
experimental  site  as  contrasted  to  the  reference  site.  It  would  be 
interesting  to  monitor  the  bird  populations  as  the  larger  plant 
species,  particularly  on  the  higher  ground,  develop  and  enable  the 
invasion  of  new  plant  species  suited  to  wooded  habitats. 

38*1.  It  the  western  end  of  the  island  is  breached,  the  response 
of  the  interior  marsh  to  higher  energy  river  water  would  provide  an 
Interesting  case  study  to  evaluate  permanence  of  artificially  created 
habitats. 

390.  With  respect  to  enhancement  of  wildlife  resources,  the 
Windmill  Point  project  has  been  beneficial  to  the  region  through  the 
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present . A greater  diversity  and/or  biomass  of  benthic  biota,  birds, 
tlsh,  and  plants  Is  found  at  the  experimental  site  than  In  surrounding 
shallow  water  communities.  The  experimental  site  also  compares 
favorably  with  reference  sites  In  terms  of  wildlife  resources  and 
product l v 1 1 v . 

191.  It  is  strongly  recommended  that  monitoring  continue  at  the 
Windmill  Point  experimental  site  until  the  plant  communities  at  the 
island  become  similar  to  those  on  adjacent  shores  or  the  Island 
succumbs  to  erosion.  Such  data  should  prove  of  great  value  in 
predicting  the  success  ot  future  island  marsh  systems  created  to  obtain 
a benefit  from  dredge  material. 


P 


REFERENCES 


Adams,  0.  0.  and  D.  A.  Darby.  147b.  The  coring  peration  at  the  arti- 
t' trial  habitat  near  Windmill  Point,  James  River,  Virginia  on  July 
17-lb,  1D7S.  Contraet  report  to  Waterways  Experiment  Station, 
Vieksburg,  Ms.  Contract  No.  DACWb5-75-C-005  1 . 

American  Public  Health  Association.  1471.  Standard  methods.  1 1th 
Edition,  Am.  Publ.  Health  Assn.,  Washington,  D.  C.  S74  pp. 

Anderson,  W.  D. , Jr.,  J.  K.  Dias,  K.  K.  Dias,  l).  M.  Cupka,  and  N.  A. 

Chamberlain.  1477.  The  macrofauna  of  the  surf  zone  off  Folly  Beach, 
South  Carolina.  NOAA  Tech.  Rep.  NMES , SSRF-704.  33  pp. 

Ankar,  S.  and  K.  Klmgren.  147b.  The  hentliic  macro-  and  me  to  fauna  ot  the 
Asko-l.andsort  area  (northern  Baltic  proper).  A stratified  random 
sampling  survey.  Contr.  As kb  Lab.,  Univ.  ot  Stockholm,  Sweden. 

1 1 5 pp . 

Armstrong,  N.  W. , P.  11.  Storrs,  and  E.  A.  Pearson.  1471.  Development 
ot  a gross  toxicity  criterion  in  San  Francisco  Bay.  Proc.  ‘>th 
Intern.  Coni.  Water  Pollut.  Res.  Ill,  pp.  1-1 S. 

Bailev,  R.  M.  (ed.1.  I '•> 7 0 . A list  of  common  and  scientific  names  of 
fishes  from  the  United  States  and  Canada  (ltd  edition).  Am.  Fish. 

Soe.  Spec.  Publ.  No.  b.  ISO  pp. 

Bailev,  R.  M.  and  11.  M.  Harrison,  Jr.  1448.  Food  habits  ot  the  southern 
channel  catfish  (Ictalurtis  lacustrls  punctatus)  in  the  Des  Moines 
River,  Iowa.  Trans.  Am.  Fish.  Soc . 75:110-1  )S. 

Bent,  A.  I' . 1437.  Life  histories  of  North  American  shorehirds.  Part  1. 

IV’ ve r Publ.  430  pp. 

Beukema,  J.  J.  l°7b.  Biomass  and  species  richness  ot  the  macrobenthic 
animals  living  on  the  tidal  flats  of  the  Dutch  W.nlden  Sea.  Nether- 
lands J.  Sea  Res.  I0:33b-36l. 

Bigelow,  H.  B.  and  W.  C.  Schroeder.  l‘>Si.  Fishes  of  the  Culf  of  Maine. 

U.  S.  Fish  and  Wildlife  Service.  Fish.  Bull.  74,  \Yl.  ‘’1.  S7 7 pp. 

Black,  C.  A.,  D.  D.  Evans,  1.  E.  Ensminger,  J.  L.  White,  and  F.  E.  Clark. 
ldf»S.  Methods  of  soil  analysis.  Am.  Soc.  Agronomy,  Madison.  Wise. 

Roesch,  D.  F.  1473.  Species  diversify  of  marine  macrobenthos  in  the 
Virginia  area.  Chesapeake  Sc i . 1 ):30b-3ll. 

Boesch,  D.  F.  147  t.  Class! f icat ion  and  community  structure  of  macro- 

benthos  in  the  Hampton  Roads  area,  Virginia.  Marine  Biol.  3l:33b-3s4. 


l.'S 


1 


Boose h , I).  F.  1977.  Application  of  numerical  classification  in 

ecological  investigations  of  water  pollution.  U.  S.  Environmental 
Protection  Agency  Ecol.  Res.  Ser.  EPA-bOO/ 3-77-033.  114  pp. 

Boesel,  M.  W.  1938.  The  food  of  nine  species  of  fish  from  the  western 
end  of  Lake  Erie.  Trans.  Am.  Fish.  Soc . 67:215-223. 

Borgeson,  D.  P.  1963.  A rapid  method  for  food-habits  studies.  Trans. 
Am.  Fish.  Soc.  92 (4) : 434-435 . 

Boyd,  C.  E.  1970.  Influence  of  organic  matter  on  some  characteristics 
of  aquatic  soils.  Hydrob iologia  36(1) : 17—21. 

Bremner,  J.  M.  and  L.  G.  Bundy.  1974.  Effects  of  organic  sulfur  com- 
pounds on  methods  of  determining  inorganic  forms  of  nitrogen. 

Soil  Biol.  Biochem.  6:97-99. 

Burbidge,  R.  G.  1972.  Distribution,  growth,  selective  feeding,  and 

energy  transformations  of  young-of-tho-year  blueback  herring,  Alosa 
aest ivalis  (Mltchill),  in  the  James  River,  Virginia.  Ph.D.  Disser- 
tation, Dept.  Mar.  Science,  Univ.  Virginia,  Charlottesville.  131  pp. 

Burbidge,  R.  G.  1974.  Distribution,  growth,  selective  feeding,  and 

energy  t runsform.it  ions  of  young-of-tho-year  blueback  herring,  Alosa 
aest iva 1 is  (Mltchill),  in  the  James  River,  Virginia.  Trans.  Am. 

Fish'.  Soc.  103:297-31  1. 

Burger,  J.,  M.  Howe,  D.  Hahn,  and  J.  Chase.  1977.  Effects  of  tide 
cycles  on  habitat  selection  and  habitat  partitioning  by  migrating 
shorebirds.  Auk  94:743-758. 

Cain,  S.  A.  1938.  The  species-area  curve.  Am.  Midi.  Nat.  19:573-581. 

Cammen,  I..  M.  1976a.  Macroinvertebrate  colonization  of  Spurt ina  marshes 
artificially  established  on  dredge  spoil.  Estuar.  Coast.  Mar.  Sci. 
4:357-372. 

Cammen,  L.  C.  1976b.  Abundance  and  production  of  macro  invertebrates 
from  natural  and  artificially  established  salt  marshes  in  North 
Carolina.  Am.  Midi.  Nat.  96:487-493, 

Chalmers,  A.  G. , E.  B.  Haines,  and  B.  F.  Sherr.  1976.  Capacity  of 

Spurt  ina  salt  marsh  to  assimilate  nitrogen  from  secondarily  treated 
sewage.  Tech.  Completion  Rept.,  USDI/OWRP  Project  No.  A-057-GA, 

Dept,  of  Interior,  Office  of  Water  Research  and  Technology.  88  pp. 

Chambers,  M.  R.  and  H.  Milne.  1975.  The  production  of  Macoma  halthica 
(L.)  in  the  Ythan  estuary.  Estuar.  Coast.  Mar.  Sci.  3:443-455. 

Clifford,  H.  T.  and  W.  Stephenson.  1975.  An  Introduction  to  Numerical 
Class i f icat  ion.  Academic  Press,  New  York.  229  pp. 


129 


Coastal  Zone  Resources  Division,  Ocean  Data  Systems  Corp.  1977.  Handbook 
for  terrestrial  wildlife  habitat  development  on  dredged  material. 

U.  S.  Army  Engineer  Waterways  Experiment  Station,  Contract  Report, 
Vicksburg,  Miss.  365  p.  + Appendix. 

Darnell,  R.  M.  1958.  Food  habits  of  fishes  and  larger  invertebrates  of 
Lake  Ponchartrain,  Louisiana,  an  estuarine  community.  Pubis.  Inst. 

Mar.  Sci.,  Univ.  Texas  5:353-416. 

Diaz,  R.  J.  1977.  The  effects  of  pollution  on  benthic  communities  of 
the  tidal  James  River,  Virginia.  Ph.D.  Thesis,  Univ.  Virginia, 
Charlottesville.  148  pp. 

Diaz,  R.  J.  and  D.  F.  Boesch.  1977a.  Habitat  development  and  field  inves- 
tigations at  Windmill  Point  habitat  development  site,  James  River,  Vir- 
ginia: Appendix  E:  Assessment  of  acute  impacts  of  habitat  development 
site  on  the  macrobenthos  community.  Techn.  Rep.  D-76,  U.  S.  Army  Corps 
of  Engineers,  Environmental  Effects  Laboratory,  Vicksburg,  Miss. 

Diaz,  R.  J.  and  D.  F.  Boesch.  1977b.  Impact  of  fluid  mud  dredged  materi- 
al on  benthic  communities  of  the  tidal  James  River,  Virginia.  Techn. 
Rep.  D-77-45,  U.  S.  Army  Corps  of  Engineers,  Environmental  Effects 
Laboratory,  Vicksburg,  Miss. 

Doumlele,  D.  G.  1976.  Primary  production  and  plant  community  structure 

in  a tidal  freshwater  marsh.  M.A.  Thesis,  College  of  William  and  Mary, 
Williamsburg,  Va.  59  pp. 

Draper,  N.  R.  and  H.  Smith.  1966.  Applied  regression  analysis.  John 
Wiley  and  Sons,  Inc.,  New  York.  407  pp. 

Effenberger,  M.  1967.  A simple  flow  cell  for  the  continuous  determina- 
tion of  oxidation- reduction  potential.  Pages  123-126  Ln  H.  L.  Goiter- 
man  (ed.).  Chemical  Environment  in  the  Aquatic  Habitat.  North-Holland. 

Environmental  Protection  Agency.  1974.  Methods  for  chemical  analysis  of 
water  and  wastes.  EPA,  Office  of  Technology  Transfer,  Washington,  D.  C. 

Fernald,  M.  L.  1950.  Gray's  manual  of  botany.  8th  ed.,  American  Book 
Co.,  New  York.  1632  pp. 

Flemer,  D.  A.  and  W.  S.  Woolcott.  1966.  Food  habits  and  distribution  of 
the  fishes  of  Tuckahoe  Creek,  Virginia,  witli  special  emphasis  on  the 
bluegill,  Lepomis  m.  macrochirus  Rafinesque.  Chesapeake  Sci.  7(2): 
75-89. 

Folk,  R.  L.  1968.  Petrology  of  sedimentary  rocks.  Hemphill's,  Austin, 
Texas.  170  pp. 

Gerlach,  S.  A.  1971.  On  the  importance  of  marine  meiofauna  for  benthos 
communities.  Oecologia  6:176-190. 


Gerlach,  S.  A.  and  M.  Schrage.  1971.  Life  cycles  in  marine  meiobenthos. 
Experiments  at  various  temperatures  with  Monhystera  disjuncta  and 
Theristus  pertennuis  (Nematoda) . Mar.  Biol.  9:274-280. 

Gleason,  H.  A.  1958.  The  new  Britton  and  Brown  illustrated  flora  of  ttie 
northeastern  United  States  and  adjacent  Canada.  2nd  ed.,  Lancaster, 
Pa.  3 vols. 

Goldhaber,  M.  B.  1974.  Equilibrium  and  dynamic  aspects  of  the  marine 
geochemistry  of  sulfur.  Ph.D.  Thesis,  Dept,  of  Geology,  UCLA, 

Los  Angeles,  Calif. 

Goodman,  D.  1975.  The  theory  of  diversity-stability  relationships  in 
ecology.  Quart.  Rev.  Biol.  50:237-266. 

Griswold,  B.  L.  and  R.  A.  Tubb.  1977.  Food  of  yellow  perch,  white  bass, 
freshwater  drum,  and  channel  catfish  in  Sandusky  Bay,  Lake  Erie. 

Ohio  J.  Sci.  77(1) :43-47. 

Hildebrand,  S.  F.  and  W.  C.  Schroeder.  1928.  Fishes  of  Chesapeake  Bay. 

U.  S.  Bureau  of  Fisheries  Bull.  53(1).  388  pp. 

Hitchcock,  A.  S.  1950.  Manual  of  the  grasses  of  the  United  States. 

U.  S.  Dept,  of  Agriculture  Misc.  Publ.  No.  200.  1051  pp. 

Hoagraan,  W.  J.,  J.  V.  Merriner,  R.  St.  Pierre,  and  W.  L.  Wilson.  1973. 
Biology  and  management  of  river  herring  and  shad  in  Virginia. 
Completion  Report  1970-1973.  VIMS,  Gloucester  Point,  Va.  212  pp. 

Holmes,  R.  T.  1966.  Feeding  ecology  of  the  red-backed  sandpiper 
(Calidris  alpina)  in  arctic  Alaska.  Ecology  47:32-45. 

Jacobs,  J.  1975.  Diversity,  stability,  and  maturity  in  ecosystems  in- 
fluenced by  human  activities.  Pages  187-207  in  W.  H.  van  Dobben 
and  R.  H.  Lowe-McConnell  (eds.),  Unifying  concepts  in  ecology. 

Junk,  The  Hague. 

Jensen,  L.  D.  1974.  Environmental  responses  to  thermal  discharges  from 
the  Chesterfield  Station,  James  River,  Virginia.  Dept,  of  Geography 
and  Environmental  Engineering,  Johns  Hopkins  Univ. , Rept.  13.  180  pp. 

Jervis,  R.  A.  1969.  Primary  production  in  the  freshwater  ecosystem  of 
Troy  Meadows,  New  Jersey.  Bull.  Torrey  Bot.  Club  96:209-231. 

Johnson,  M.  G.  1974.  Production  and  productivity.  Pages  46-64  in 
R.  0.  Brinkhurst,  The  benthos  of  lakes.  St.  Martin's  Press, 

New  York. 


Johnson,  D.  S.  and  H.  H.  York.  1915.  The  relation  of  plants  to  tide 
levels.  Carnegie  Inst,  of  Washington  Publ.  206. 


131 


w 


. 


I 


Juario,  J.  V.  1975.  Nematode  species  composition  and  seasonal  fluctua- 
tion of  a sublittoral  meiofauna  community  in  the  German  Bight. 

VerlBff.  Inst.  Meeresforsch.  Bremerh.  15:283-337. 

Kaluch,  K.  1954.  Redoxpotential-, rH-Messung.  Pharmazie  a:634-642. 

Kerwin,  J.  A.  and  R.  A.  Pedigo.  1971.  Synecology  of  a Virginia  salt 
marsh.  Chesapeake  Sci.  12:125-130. 

Lagler,  K.  F.  1956.  Freshwater  fishery  biology.  Wm.  C.  Brown  Co.  Publ. 
Dubuque,  Iowa.  A21  pp. 

Lewis,  G.  E.  1976.  Summer  food  of  channel  catfish  in  a West  Virginia 
flood  control  reservoir.  Prog.  Fish-Cult.  38(A) :177-178. 

Loesch,  J.  G.  and  W.  H.  Kriete,  Jr.  1976.  Biology  and  management  of 

river  herring  and  shad.  Completion  Report,  Anadromous  Fish  Project, 
1974-1976.  VIMS,  Gloucester  Point,  Va.  226  pp. 

Macan,  T.  T.  1977.  The  influence  of  predation  on  the  composition  of 
fresh-water  animal  communities.  Biol.  Rev.  52:45-70. 

Margalef,  R.  1958.  Information  theory  in  ecology.  Gen.  Syst.  3:36-71. 

McCann.  J.  A.  1959.  Life  history  studies  of  the  spottail  shiner  of 

Clear  Lake,  Iowa,  with  particular  reference  to  some  sampling  problems. 
Trans.  Am.  Fish.  Soc.  88(4) : 336-343. 

Meanley,  B.  and  J.  Webb.  1963.  Nesting  ecology  and  reproductive  rate 
of  the  red-winged  blackbird  in  tidal  marshes  of  the  upper  Chesapeake 
Bay  region.  Chesapeake  Sci-  4:90-103. 

Menzel,  R.  W.  1945.  The  catfish  fishery  of  Virginia.  Trans.  Am.  Fish. 
Soc.  73:364-372. 

Miller,  W.  R.  and  F.  E.  Egler.  1950.  Vegetation  of  the  Wequetequock- 
Pawcatuck  tidal-marshes,  Connecticut.  Ecol.  Monogr.  20:143-172. 

Murphy,  J.  and  J.  P.  Riley.  1962.  A modified  single  solution  for  the 
determination  of  phosphate  in  natural  waters.  Anal.  Chem.  Acta 
27:31-36. 

Oosting,  H.  J.  1956.  The  study  of  plant  communities:  An  introduction 


to  plant 
440  pp. 

ecology.  2nd 

ed. , 

W. 

H. 

Freeman 

and  Co . , 

San  Francisco. 

Owens,  L.  B., 

D.  W.  Nelson, 

and 

L. 

E. 

Sommers . 

1977. 

Determination  of 

inorganic  phosphorous  in  oxalate  extracts  of  soils.  Soil  Sci.  Soc. 
Am.  J.  41:148-149. 


132 


Perhac,  R.  M.  1974.  Heavy  metal  distribution  in  bottom  sediment  and 
water  in  the  Tennessee  River-Loudon  Lake  Reservoir  system.  Res. 
Report  //40,  WRRC,  Univ.  Tennessee,  Knoxville. 

Perry,  W.  G.,  dr.  1969.  Food  habits  of  blue  and  channel  catfish  col- 
lected from  a brackish-water  habitat.  Prog.  Fish-Cult.  31(l):47-50. 

Pettijohn,  R.  J.  1957.  Sedimentary  rocks.  Harpers,  New  York.  526  pp. 

Pielou,  E.  C.  1975.  Ecological  diversity.  Wiley-Intersc ience , New 
York.  196  pp. 

Pflieger,  W.  L.  1971.  A distributional  study  of  Missouri  fishes.  Univ 
Kanses  Publ.,  Mus.  Nat.  Hist.  20(3) :225-570. 

Pflieger,  W.  L.  1975.  The  fishes  of  Missouri.  Missouri  Dept,  of  Con- 
servation, Jefferson  City,  Mo.  343  pp. 

Poole,  J.  C.  1961.  Age  and  growth  of  the  fluke  in  Great  South  Bay  and 
their  significance  in  the  sport  fishery.  N.  Y.  Fish  and  Game  J. 

8(1) : 1-18. 

Radford,  A.  E. , H.  E.  Ahles,  and  C.  R.  Bell.  1968.  Manual  of  the 
vascular  flora  of  the  Carol inas.  Univ.  of  North  Carolina  Press, 
Chapel  Hill.  1183  pp. 

Raney,  E.  C.  1950.  Freshwater  fishes.  Pages  151-194  _in  M.  H.  Stow 
(Chairman),  The  James  River  Basin  past,  present  and  future.  James 
River  Project  Committee,  Va.  Acad.  Sci. 

Recher,  H.  F.  1966.  Some  aspects  of  the  ecology  of  migrant  shorebirds. 
Ecology  47:393-407. 

Reid,  W.  F. , Jr.  1972.  Utilization  of  the  crayfish  Orconectes  1 imosus 
as  forage  by  white  perch  in  a Maine  lake.  Trans.  Am.  Fish.  Soc. 

101  (4)  .-608-612. 

Rofritz,  D.  J.  1977.  Oligochaeta  as  a winter  food  source  for  the  old 
squaw.  J.  Wildl.  Manage.  41:590-591. 

Schindler,  J.  W.  and  K.  R.  Konich.  1971.  Oxidation-reduction  determina 
tions  at  the  mud-water  interface.  Limnol.  Oceanogr.  16(5) :837-840. 

Smith,  L.  L.  and  R.  11.  Kramer.  1964.  The  spottall  shiner  in  Lower  Red 
Lake,  Minnesota.  Trans.  Am.  Fish.  Soc.  93:35-45. 

Sokal,  R.  R.  and  F.  J.  Rohlf.  1969.  Biometry.  W.  H.  Freeman  and  Co., 
San  Francisco,  Calif.  776  pp. 

Solorzano,  L.  1969.  Determination  of  ammonia  in  natural  waters  by  the 
phenol-hypochlorite  method.  Limnol.  Oceanogr.  14:799-801. 


I 


Strickland,  J.  D.  11.  and  T.  R.  Parsons.  1968.  A practical  handbook 
of  seawater  analysis.  Fish.  Res.  Bd.  Canada,  Ottawa.  311  pp. 

Stripp,  K.  1969.  Das  VerhHltnis  von  Makrofauna  and  Me  to  fauna  in  den 
Sediment en  dor  llelgol.Hnder  Bucht.  VerBff  Inst.  Meeresforseh. 

Rremerh.  12:143-148. 

Tomoff,  S.  1974.  Avian  species  diversity  In  desert  scrub.  Ecology 
55:396-40  1. 

Toth,  S.  J.  and  A.  N.  Ott.  1970.  Characterization  of  bottom  sediments. 
Cation  exchange  capacity  and  exchangeable  cation  status.  Environ. 

Sc l . Tech.  4(11): 935-939. 

Virnsteln,  R.  W.  1977.  The  Importance  of  predation  by  crabs  and  fishes 
on  benthic  Infauna  in  Chesapeake  Bay.  Ecol.  Monogr.  47(4):  in  press. 

Wass,  M.  L.  1972.  A check  list  of  the  biota  of  lower  Chesapeake  Bay 
with  inclusions  from  the  upper  Bay  and  the  Virginian  Sea.  VIMS, 

Spec.  Sc i . Rep.  No.  65,  Gloucester  Point,  Va.  290  pp. 

Wass,  M.  E.  1976.  (Winter  bird  census  of)  Coastal  disturbed  floodplain. 
Am.  Birds  30:1053-1055. 

Waters,  T.  F.  1969.  The  turnover  ratio  in  production  ecology  of  fresh- 
water Invertebrates.  Am.  Nat.  103:173-185. 

Weaver,  .1.  E.  1975.  Food  selectivity,  feeding  chronology,  and  energy 
t ransformat  ions  of  juvenile  alewife  (AJLosa  pseudoha  rengus)  in  t lie 
dames  River  near  Hopewell,  Virginia.  Ph.D.  Dissertation,  Dept,  of 
Mar.  Sc l . , llniv.  of  Virginia,  Charlottesville.  88  pp. 

Webster,  1).  A.  1943.  Food  progression  in  young  white  perch  Mo rone 

amer lcana  (Gmelln)  from  Bantam  Lake,  Connecticut.  Trans.  Am.  Fish. 
Soc.  72 : 136-144 . 

Wetzel,  R.  1,.,  M.  S.  Kowalski,  W.  M.  Rizzo,  A.  Thompson,  and  K.  L.  Webb. 
1977.  Characterization  of  a historically  nutrient  enriched  marsh 
ecosystem:  Yorktown  Creek,  Yorktown,  Virginia.  Spec.  Kept.  Appl. 

Mar.  Sc i . and  Ocean  Engr. , VIMS,  Gloucester  Point,  Va.  90  pp. 

Wieser,  W.  1953.  Free-living  marine  nematodes  of  the  Lund  University 
Chile  Expedition  1948-1949.  IV.  General  Part.  Lunds  Unlversitets 
Arsskrlft.  N.F.  And.  2Bd.  55.  NR.  5:1-111. 

Wilhm,  J.  L.  and  T.  C.  Dorris.  1968.  Biological  parameters  for  water 
quality  criteria.  BloScience  18:447-481. 


1 34 


Sand  Silt  Clay  Detritus  Total  Solids  Volatile  Solid s 


Tab  1 


Kl  ova  (liui  i't  Mao  rollout  li  lo  Sampling  Stations  at 
Kxpor Inu'iit  a 1 Si  to,  Data  Are  Based  on  Corps 
of  Mutineers  l.ow  Wator  In  Foot 


1U o vat  Ion 

(low  water. 

ft  . 1 

at  nm 

Jul  1 0 7 b 

Nov  1876 

an  1877  Ap  i 

1877 

.Ini  1977 

1 

1.  3 

1.7 

2.6 

1. 3 

2.6 

» 

1.  1 

1.  1 

l.S 

1.8 

2 . 6 

1 

1.0 

3.  1 

l.S 

1.6 

l.S 

4 

1.7 

1.7 

7.6 

3.  7 

3.0 

% 

1.  I 

l.  1 

1.  1 

1.  7 

1.6 

(' 

1.8 

3.  7 

7.  7 

7.  S 

1.2 

7 

2 . 4 

1.  7 

1.0 

7.7 

2.7 

8 

1.7 

1.0 

1.0 

7.  S 

1.  1 

\ 

1.7 

1.  1 

1.0 

7.8 

1.  1 

SO 

0 . 4 

0.7 

0 . 4 

0.  7 

0.4 

l 

7 . 5 

7 . 4 

7.  1 

> > 

» > 

•> 

1.0 

7.  1 

7.  S 

> > 

2 . 6 

1 

7.8 

7 . 8 

7 . <> 

7.  1 

> 

4 

7 . 4 

7.  1 

> > 

7 . 6 

2.  1 

s 

7 . 4 

1.0 

7.6 

•>  1 

2.0 

t' 

7 . t> 

7 . S 

7.  1 

1.8 

2.  1 

7 

7 . S 

7.  S 

l .l> 

1.7 

2.  1 

8 

■)  » 

7.4 

7.  1 

7.7 

2.4 

X 

7.6 

7.  S 

7.4 

•>  ) 

2.  1 

SI) 

0.4 

0.  1 

0.7 

0.  1 

0.2 

1 

7.0 

7 . t> 

1.4 

1.  1 

2.0 

o.s 

1.8 

l 

7.0 

1 . 7 

1 

■>  ■> 

1.4 

1 .6 

3.3 

2.8 

4 

l.S 

1.  1 

1.8 

1.8 

2.0 

4 

1.8 

0.8 

7.7 

2.  1 

1.8 
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Table  1 


Thy  lain: 

C lass 


Thv  l lira: 

Thy  1 uin : 
Class 


C 1 ass 


Taxa  Co  1 lee  ted  in  Mae  robent  hos  Samples 


T liit  vhe  1 m int  lies 
Turbe l lar  la 
Kam l l y : 

Kam  1 1 v : 

Nornert ea 


Mol  1 use  ,i 

1’e  1 ee  ypoda 
Kam l l y : 


Kam i 1 v : 


Kam i l v : 

Cast ropoda 
Kam i 1 v : 

Kam i 1 v : 

Kam 1 1 v : 

Kara  1 1 v : 

Kami ly : 


C 1 ay,  i os  t om  i dae 
llvdrolimax  grisea  tlaldeman 
T t .mar  i dae 

Cura  toremanii  (Ciratd) 

I’rostonu  rubrum  (.l.eidv) 


Corb  i i'ii  1 I dae 

Corbieula  manilensis  U'hlllippO 
Sphaeri (dae 

Sphaorlum  t rausversum  l Sa  v ) 

T Is  Id  turn  sp. 

Un Ion i dae 

Klllptlo  eomplauata  l.iyhttoot 

Thvs  t dae 
1’hysa  sp. 
l.vmnae  l dae 

l.ymnaea  staipialis  (l.lnnaeus) 

C 1 a no  t'b  i dae 
Cy  ran  ins  sp. 

Alley  1 idae 
Kerrlssla  sp. 

I’omat  i ops  idae 
1’omat  i ops  is  sp. 


(Coni  t mii'd  1 


Table  3 (Continued) 


Phylum:  Annelida 

Class:  Polyehaeta 

Kami ly: 


Class:  Oligoehaeta 
Kami 1 y : 


Kami ly : 


Kami ly : 

Kami ly : 

Class:  Hirudinea 

Kami  1 y: 


Sabel 1 idae 

Many unk 1 a spec Iosa  Leldy 

Tubi t ic idae 
Tub  If ex  sp. 

Aii  lodr  i lus  pi guet  l Kowa  lewsk  i 
Branchiura  sowerby  1 Beddard 
l lyodrl lus  temple tool  (Southern) 
Llmnodr i lus  spp. 

Limnodr 1 lus  cervix  Brinkburst 
L imnodri lus  hot  f me  1 s t e r i Claparede 
1.  i mnodr  I his  udekemianus  VerriH 
L imnodri lus  profundicola  Smith 
Pe loscolex  mult lsetosus  Brinkhurst 
Pe loscolex  f rey i Brinkhurst 
Na id iae 

Chaetogaster  sp. 

Nals  spp. 

hero  d i g i t a t a (Muller) 

Sty lax i a lacust  rls  (Linnaeus) 

Enchy traeldae 
Enchytraeid  spp. 

Lumber l icu 1 idae 
Lumber 1 icu 1 id  sp. 

Pise icolidae 

lie  1 o bdella  elo ngata  (Cast  1 e ) 

He  lobde  l la  stagna 1 i s (Linnaeus) 
Helobdel la  puntatal ineata  Moore 
Bat racobde 1 la  phalera  Crat 

(Cont lnued) 


■I 
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Table  i (Continued) 


Phylum:  Arthropoda 
Class:  Arachnlda 
Spiders 

Class:  Crustacea 
Order:  Isopoda 

Pam  11 y : 

0 rd  e r : Am  ph 1 pod a 
Kara l 1 y : 

Kami ly : 


Ase 1 l ldae 
Asellus  sp. 

Gammar ldae 

Gammarus  taselatus  Say 
Hyale 1 1 ldae 

Ilya  lei  la  azteca  (Saussure) 


Class:  Insecta 

Order:  Collembola 

Family : l so tom ldae 

Isotomld  sp. 

Family:  Smynthur ldae 

Smynthurld  sp. 

Order:  Epheme ropt ena 

Family:  Ephemeridae 

Hexagenia  m 1 ngo  Walsh 
Family:  Baetldae 

Caenl s sp. 


Epheme re  11a  sp.  Traver 

Order:  Odonata 

Suborder:  Zygoptera 

Zygopteran  sp. 

Order:  Trieoptera 

Tricopteran  spp. 

Order:  Hemlptera 

Family:  Tr lchocor ixa  sp. 

Order:  Dipt  era 

Family:  Ti pul ldae 


(Cont  limed) 
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Kami Iv : 

Kara i 1 v : 


Kam i 1 v : 


Kami  1 v : 

K am i 1 v : 


Table  3 (Continued) 

He  11 us  sp. 

Tlpul a sp. 

Cu 1 e i dae 

Chaoborus  punct  tpennls  (Say) 
Taban idae 
Chrysops  sp. 

Anacimas  sp. 

Ch  i ronom  idae 
Chironomid  sp.  3 
Chlronomid  sp.  -* 

Chironomid  sp.  t> 

Ab 1 a besmyia  sp.  K 
Ch t ronomus  spp. 

Coe  lot any pus  scapular  is  (Loew) 

C ryptoeh i ronomus  spp . 

Dierot  endipes  nervosus  (Staeg.) 

C 1 ypt o t e mi  Ipes  s p . 

Harnisehia  sp. 

1’olyped  i lum  spp. 

K roe  1 ad ius  bellus  (Loew) 

Fseudoeh i ronomus  sp. 

St iet ochi ronomus  dev (net us  (Say) 
C rypt  oe  1 a dope  Ima  sp . 

T any pus  spp. 

Tanv tarsus  sp. 

T r iehoe 1 ad ius  s p . 
l.aut  e rborn ie  1 la  sp. 

Cr leotopus  sp. 

Ceratopogontdae 
Palpomvla  sp. 
llo  l ie  bo  pod  idae 
Argv ra  sp. 

Hyd rophortis  sp. 


I 


(Cont  tnuod) 
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Table  4 

Qualltatlon  and  Composition  of  the  Macrobenthos  by  Higher  Taxon 


Percent  of  Species 


Jul 

Nov 

Jan 

Apr 

Jul 

Taxonomic  Group 

'76 

'76 

'77 

'll 

'll 

Total 

Platyhelminthes 

2.12 

3.8 

2.8 

0.0 

0.0 

2.6 

Nemertea 

0.0 

1.9 

0.0 

2.9 

0.0 

1.3 

Mo  1 lusca 

12.8 

13.5 

13.8 

5.8 

13.7 

11.7 

Bivalvia 

6 . 4 

5.8 

8.3 

2.9 

7.8 

5.2 

Gastropoda 

6 . 4 

7.7 

5.5 

2.9 

5.8 

6.5 

Annel ida 

25.5 

36.5 

33.3 

41.1 

33.3 

28.6 

Oligochaeta 

23.4 

26.9 

27.8 

38.2 

27. 4 

22.1 

Polychaeta 

0.0 

1.9 

0.0 

0.0 

0.0 

1.3 

Hirudinea 

2.1 

7.7 

5.5 

2.9 

5.8 

5.2 

Arthropoda 

59.6 

44.2 

50.0 

50.0 

51.0 

55.8 

Insecta 

46.80 

34.6 

38.8 

42.85 

43.1 

50.6 

Chironomidae 

29.7 

21.2 

30.5 

28.57 

29.7 

27.3 

Percent 

of  Individuals 

Platyhelminthes 

0.0* 

0.8 

0.2 

0.0 

0.0 

0.1 

Nemertea 

0.0 

0.1 

0.0 

0.4 

0.0 

0.1 

Mol lusca 

3.6 

13.4 

1.3 

1.3 

5.5 

4.9 

Bivalvia 

3.4 

12.0 

1.2 

1.3 

5.0 

4.5 

Gastropoda 

0.2 

1.4 

0.1 

0.0* 

0.5 

0.4 

Annelida 

80.9 

74.1 

70.5 

86.7 

73.3 

77.6 

Oligochaeta 

80.8 

73.2 

69.0 

86.7 

72.7 

77.1 

Polychaeta 

0.0 

0.0* 

0.0 

0.0 

0.0 

0.0* 

Hirudinea 

0.  1 

0.9 

1.5 

0.0 

0.6 

0.5 

Arthropoda 

15.5 

11.6 

28.1 

11.6 

21.2 

17.2 

Insecta 

15.4 

10.2 

25.6 

11.4 

21.0 

16.6 

Chironomidae 

15.0 

7.6 

24.0 

9.9 

19.6 

15.3 

* Less  than  0.03  percent 
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Table  S 

l;rt‘i|m'iu-y  ot  l)oe  litre  nee  o!  Major  Species  ol  Mac  robenl  bos  by  Season 


l’ercenl 


Spec  1 es 

Jul 
] 97b 

Nav 

1 97  b 

Jan 

1977 

Apr 

1977 

.Ini 

1977 

Turbe 1 lar  t a 

Hydro l i max  grlsoa 

1 

1 

7 

0 

0 

B i va l v 1 a 

Corbieula  man! lensis(sm) 

4 b 

SS 

12 

28 

SI 

Corbieula  mani  lensis(  !>;) 

6 

l 

') 

1 

1 

Cast ropoda 

I’bysa  sp. 

9 

b 

1 

1 

9 

0 1 i gochao t a 

Tub! t ex  sp. 

8 

71 

2 

2 

0 

Branchiura  sowerbvf 

3 3 

11 

31 

18 

23 

1 1 yodr i 1 ns  t emp 1 e t on i 

44 

17 

22 

78 

4 S 

1 , i mnod r i Ins  spp . 

9r) 

‘12 

87 

7 b 

88 

1,  i mnodr  tins  hot  1 me  1 s t e r i 

70 

S 2 

70 

b7 

b4 

I.imnodr  I Ills  cervix 

7 8 

27 

7 

1 2 

18 

i’eloscolex  mult  isetosns 

IS 

1 7 

27 

20 

18 

t’eloscolex  Ireyi 

9 

7 

0 

9 

1 

Nats  sp. 

lb 

9 

0 

24 

8 

Knchyt  r.ie  i dae 

S 

S 

1 7 

1 S 

0 

l.umber  1 1 cu  1 1 dae 

0 

b 

1 

*> 

0 

II 1 rod  1 non 

lie  1 obde  1 l a e 1 onga  t a 

b 

IS 

9 

0 

17 

lie  1 obde  1 1 a st  agna  1 t s 

0 

7 

9 

1 

1 

1 sopoda 

Ase 1 1 us  sp . 

l 

s 

1 

') 

Atitph  1 poda 

Camma rus  t ase 1 a t us 

•> 

7 

9 

7 

(Coni  i nueil) 
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Table  '•>  (Hone  l mleil) 


l‘ei  eent 


Spee  I rs 

.lul 

1976 

Nov 

1‘)  7 b 

Jan 

1 9 7 ; 

1 usee  t a 

Tr 1 eboeor t xa  sp. 

l 

7 

i 

Ch  i ronom  1 <iae 

I'll  (ronomus  sp. 

48 

lb 

il 

I'oe  1 ot  any  pus  so  apu  lat  l s 

.’U 

2 b 

a ■> 

la  vpt  oeli  l ronomus  spp . 

lt< 

18 

» -i 

l>lei  ot  einl  l pes  lie  rvosus 

1 1 

0 

2 

ll  l ypt  ot  eiul  1 pes  sp. 

0 

1 

b 

I’o l vpeil  1 l inn  sp. 

8 

s 

l 

Proe  latl  i us  be  11  us 

8 

1 1 

1 

lany pus  spp. 

41 

8 

ll> 

Herat  opo^on l dae 

I’alpomyia  sp. 

8 

h 

2 

l 88 


Total  Number  ol  Samples 


S / 


Descriptive  Statistics  for  Coimriunlty  Structure  Parameters 
of  Macrobenthos  by  Stratrum  and  Sampling  Period  160  cm^  Cores 
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Table  6 (Concluded) 


Tabic  7 


2 

Mean  and  Standard  Deviation  of  Dry  Weight  Biomass  (mg/160  cm") 
for  01 igochaetes  and  Total  Macrobenthos 
by  Stratum  and  Sampling  Period 


Oligochaetes 

Total 

S t ra  t um 

Da  t e 

X 

SD 

X 

SD 

El 

July 

15.43 

22.01 

21.02 

20.46 

November 

15.72 

17.09 

22.20 

17.80 

January 

h . 50 

10.79 

7.31 

11.55 

April 

5.07 

10.43 

5.51 

10.35 

July 

17.74 

46.87 

26.07 

50.15 

Average 

12.09 

33.44 

16.41 

22.06 

K2-3 

July 

25.36 

30.40 

29.18 

30.98 

November 

44.36 

22.48 

50.21 

21.58 

January 

53.78 

34.45 

47.10 

37.13 

April 

57.62 

82.76 

64.88 

78.96 

July 

61.49 

30.67 

81.39 

28.72 

Average 

48.52 

40.15 

54.55 

39.47 

E4 

July 

14.95 

12 . 66 

78.38 

177.38 

November 

21.97 

7.28 

40.27 

27.60 

January 

21.56 

46.28 

27.54 

47.99 

April 

92.29 

69.87 

144.44 

97.26 

July 

78.99 

65. 10 

96.19 

62.46 

Average 

45.95 

40.  35 

77.36 

82.54 

F.5 

July 

4.49 

2.76 

8.94 

5.34 

November 

8.18 

5.03 

11.03 

4.53 

January 

1.39 

2.91 

0.0 

0.0 

April 

4.82 

8.87 

13.17 

14.13 

July 

2.84 

5.67 

10.01 

6.  39 

Average 

4.34  5.05 

(Cont inued) 

8.63 

6.08 
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Table  7 (Continued) 


Oligochaetes 

Total 

Stratum 

Date 

X 

SD 

X 

SD 

E6 

July 

7.71 

5.86 

11.05 

5.58 

November 

10.82 

6.41 

16.66 

11.11 

January 

3.27 

4.15 

3.80 

4.13 

April 

5 . 34 

17.33 

10.15 

17.26 

July 

0.37 

0.60 

23.34 

28.85 

Average 

5.50 

6.87 

13.00 

13.39 

E7 

July 

0.  31 

0.32 

17.74 

44.86 

November 

1.86 

3.01 

38.34 

24.24 

January 

1.13 

1.31 

1.72 

2.30 

April 

11.07 

1.25 

1.97 

2.37 

July 

0.45 

0.37 

48.70 

58.22 

Average 

2.96 

1.25 

21.69 

26.40 

R1 

July 

12.79 

8. 18 

13.51 

8.13 

November 

27.11 

32.26 

50.49 

70.20 

January 

26.85 

56.37 

28.50 

39.19 

April 

21.97 

36.92 

39.60 

44.54 

July 

12.19 

12.37 

27.70 

20.03 

Average 

20.18 

29.22 

31.96 

36.42 

R2 

July 

4.69 

3.07 

5.27 

3.35 

November 

13.36 

10.15 

18.28 

9.67 

January 

26.41 

28.63 

52.06 

31.44 

Apri  l 

11.97 

8.11 

14.54 

8.67 

July 

9.92 

6.28 

20.62 

30.37 

Average 

13.27 

11.25 

22.15 

16.70 

((’.out  i tuied) 
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Table  7 (Concluded) 


Oligochaetes 

Total 

Stratum 

Date 

X 

SO 

X 

SO 

R3 

July 

4.77 

2.33 

5 . bO 

1.97 

Novembe r 

5.3b 

5.49 

lb.  40 

31.20 

January 

4.93 

2.79 

27. b2 

11.10 

Apri  1 

9.60 

9.03 

1 0 . 60 

8.b9 

July 

8.5b 

4.7b 

17.14 

11.20 

Average 

b . b4 

4.88 

15.47 

12.83 

R4 

July 

5.07 

2.42 

3.70 

5.85 

November 

4.73 

7.97 

7.81 

9. 31 

January 

4.04 

3.91 

49.1b 

48.32 

April 

5.13 

1.84 

21 . 58 

47.92 

July 

8 . 00 

b . 94 

9.5b 

7 . b7 

Average 

5 . 39 

5.10 

1 8 . 3b 

23.81 

R5 

July 

2.01 

1.77 

14.69 

22.21 

November 

3.  33 

3.b5 

7.14 

6.05 

January 

4 . 00 

5.49 

7.88 

b . 48 

April 

1.78 

1.78 

1 . 90 

1.87 

July 

3.43 

5.98 

28.82 

bl  .37 

Average 

2.91 

3.73 

12.09 

19.60 

Table  8 

Croup  Produced  f rum  Numerical  Classification  of  Macrobenthos 
Samples  Pooled  by  Stratum  and  Season 


Site  Group 

Stratum 

Season 

Site  Group 

Stratum 

Season 

Croup  l 

R1 

Jul  1976 

Group  2 

E7 

Jan 

Rl 

Nov 

(Cont ’d) 

E7 

Apr 

Rl 

Jan 

Group  3 

E2 

Jul  1977 

Rl 

Apr 

E7 

Jul  1977 

Rl 

Jul  1977 

E6 

Jul  1977 

R2 

Jul  1976 

R2 

Nov 

Group  4 

E2 

Jul  1976 

R2 

Jan 

E2 

Jul  1977 

R2 

Apr 

E4 

Jul  1976 

R2 

Jul  1977 

E4 

Nov 

R3 

Jul  1976 

E4 

Apr 

R3 

Nov 

E5 

Jul  1976 

R3 

Jan 

E5 

Nov 

R3 

Apr 

E6 

Jul  1976 

R3 

Jul  1977 

E6 

Nov 

R4 

Jul  1976 

E3 

Jul  1976 

R4 

Nov 

Group  5 

El 

Jul  1976 

R4 

Jan 

El 

Nov 

R4 

Apr 

El 

Jan 

R4 

Jul  1977 

El 

Apr 

R5 

Jul  1977 

El 

Jul  1977 

Group  2 

E5 

Apr 

E4 

Jan 

E6 

Apr 

E2 

Nov 

R5 

Jul  1976 

E2 

Jan 

R5 

Nov 

E2 

Apr 

R5 

Jan 

E5 

Jan 

E7 

Jul  1976 

E6 

Jan 

E7 

Nov 

RS 

Apr 

Table  9 

Or oups  Produced  from  Numerical  Classification 
of  Macrobenthos  Species 


Group  A 

Group  1)  (Continued) 

Limnodrilus  spp.  (0) 

Limnodrilus  prof undicola  (0) 

Limnodrilus  hoffmeisteri  (0) 

Trichocorixa  sp.  (I) 

Limnodrilus  cervix  (0) 

Palpomyia  sp.  (I) 

Ilyodrilus  templetoni  (0) 

Physa  sp.  (G) 

Branch iura  sowerbyi  (0) 

Lumber liculidae  (0) 

Chironomus  spp.  (C) 

Pisidium  sp.  (B) 

Tanypus  spp.  (C) 

Spiders 

Corbicula  manilensls  (sm)  (B) 

Group  B 

Group  E 

Asellus  sp.  (Is) 

— 

Polypedilum  sp.  (C) 

Helobdella  stagnalis  (H) 

Dicrotendipes  nervosus  (C) 

Hyalella  azteca  (A) 

Pseudochironomus  sp.  (C) 

Hydrolimax  grisea  (T) 

Tany tarsus  sp.  (C) 

Caenls  sp.  (1)  Croup  F 


Dero  digitata  (0) 

Corbicula  manilensis 

(lg)  (B) 

Coelotanypus  scapularis 

Cryptochirononms  (C) 

(C) 

Chironomid  sp.  3 (C) 

Group  C 

Nais  spp.  (0) 

Donacia  sp.  (I) 

Procladius  bellus  (C) 

Glyptotendipes  sp.  (C) 

Peloscolex  multisetosus 

(0) 

St  ictochironomus  sp. 

(C) 

Helobdella  elongata  (H) 

Gammar us  fasciatus  (A) 

Group  D 

Tubifex  spp.  (0) 

Enchytraeidae  (0) 
Hydrophorus  sp.  (I) 
Peloscolex  f reyl  (0) 


Key:  0 - Oligochaete  Is  - Isopod  A - Amphipod 

C - Ch Ironomid  B - Bivalve  H - Hirudinean 

I - Insect  0 - Gastropod 
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Macrobenthos  Collected  at  a Subtidal  Janies  River  Control  Site 


Table  11 

Taxa  Collected  in  Meiobenthos  Samples 


Phylum:  Aschelm inthes 

Class : Nematoda 

Nematode  sp.  10 
Nematode  sp.  11 
Order:  Monohyster idae 


Order : 


Dory laimida 
Family: 


Order : 


Family:  Monohysteridae 

Monohystera  sp. 
Monohystrella  sp.  1 
Monohystrella  sp.  2 

Dory laimidae 
Dory lalmus  sp. 
Amphidory lalmus  sp. 
Thornenema  sp. 
Family:  Mononchidae 

Anatonchus  sp. 
Family:  Bathyodont idae 

Alai mus  sp. 

Araeolaimida 
Family:  Plectidae 


Phylum:  Tardigrada 

Class:  Eutardigrada 

Family : 


Pa raplectonema  sp. 


Mac  robiot idae 

Macrobiotus  r ichtersii  J . Murray 
Macrobiotus  dispar  J . Murray 
Macrobiotus  f urcatus  Ehrenberg 
Macrobiotus  hufelandii  S.  Schultze 


Hypsibius  s p . 


Class:  Heterotardigrada 


(Continued) 


Table  11  (Continued) 


Fam i 1 y : 


Phylum:  Annelida 

Class:  Oligochaeta 

Family: 


Family: 


Family : 


Phylum:  Arthropoda 

Class:  Crustacea 
Order:  Cladocera 

Family: 


Family: 

Family : 

Family : 


Seutechinisc idae 
Kch  ini  sous  sp. 


Tub if ic idae 
Tubi f ex  sp. 

Aulodr  i lus  pigueti  Kowalewski 
Branchiura  sower by i B e d d a r d 
I lyodri lus  templetonl  Southern 
Limnodri lus  s pp . 

Limnodri lus  cervix  Brinkhurst 
Limnodri lus  hof fmester i Claparede 
Pe loscolex  mult isetosus  Brinkhurst 
Naidiae 
Nais  spp. 

Dero  digitata  Muller 
Stylaria  lacust r is  Linnaeus 
Enchytraeidae 
Enchytraeid  sp. 


Sid idae 

S ida  crystall  ina  0 . F . Mu  Her 
Latona  set  if era  O.F.  Muller 
Dlaphanosoma  s p . 

Daphini idae 

No ina  micrura  Kurz 

Bosminidae 

Bosmlna  longt rost  r i s O.F.  Muller 
Mac rothric idae 
I lyocryptus  spp. 

1) i aphanosoma  ag i 1 1 s Fischer 


(Ccn tinned) 
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Table  11  (Continued) 


Family:  Chydoridae 

Ku  rz.  Ta  lat  isslma  Kurz 

Leyd ig  ia  leydlgi  Leydia 

Leydigia  acanthocercoldes  Fischer 

Alona  costata  Sars 

Alcoa  a f f 1 n i s Ley dig 

Alona  quadrangular is  O.F.  Muller 

Pleuroxus  dent iculatus  Birge 

Chydorus  sphaer icus  O.F.  Muller 

Subclass:  Copepoda 
Suborder:  Cyclopoida 

Family:  Oyelopidae 

Kucyc lops  a g 1 1 i s Koch 
Paracyclops  a f f i n i s Sars 
Paracyclops  f imbriatus  Fischer 
Mac rocyc lops  f uscus  Jurine 
Ualicyclops  magnlceps  Lilljeborg 
Mesocyc lops  edax  S.A.  Forbes 
Family:  Canthocamptidae 

Canthocamptus  staphllnoides  Pearse 
Canthocamptus  rober tcoker t M . S . Wilson 
Canthocamptus  sp. 

Morar ia  sp. 


Subclass:  Ostracoda 

Family:  Cypridae 

Physocypr la  sp. 

Cypridopsis  sp. 

Candona  s p . 

Family:  Darwinulidae 

Darwlnula  stevensoni  Brady  and  Robertson 

Class:  Acarl 
Class:  Insecta 

Order:  Diptera 

(Coni Inued) 
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4 


Tab  1 e 1 1 ( Cone  1 uded ) 


Fliy  him : 

Class 


C lass 


Kara ily: 

Kami I y : 


Mo  1 1 use a 
Pelecypoda 
Kami ly : 

K am lly: 

Cast ropoda 
Kam lly: 


Ceratopogonidae 
Palpomy ta  sp. 

Chi ronomldae 
Chi ronomus  sp. 

Crx£t ochi ronomus  sp . 

Pseudochi ronomus  sp. 

St  let ochi ronomus  sp. 

Tally  pus  spp. 

Coe lotany pus  sp. 
darn  I seh la  sp. 

P ol y ped 1 1 urn  s p . 

P roc lad i us  s p . 

Corbleul idae 

Corbicula  man  1 lens  1 s Phi l I ( ppt 
Sphaeri Idae 
Plsldlnm  sp. 

Phys ( dae 
Physa  sp. 


Table  12 

Number  ot  Individuals  and  Species  of  Mar  rot  anna 
and  Meiotauna  Found  In  the  8 Cores  (10  one-) 
front  Each  Stratum  Collected  for  Meiobenthos 


Mac rof anna  Me i of anna 


St  rat  urn 

Spec ies 

l nd l vidua  1 s 

Spec i es 

1 nd 1 v l dua 1 s 

El 

14 

t>7 

15 

294 

E2 

8 

118 

1 1 

462 

E4 

10 

90 

19 

325 

Er> 

9 

42 

IS 

582 

Eb 

6 

IS 

18 

301 

E7 

4 

I 1 

10 

90 

HI 

12 

88 

20 

332 

R2 

10 

23 

19 

289 

R3 

1 l 

40 

14 

232 

R4 

10 

34 

19 

244 

R3 

3 

10 

15 

77 
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Table  13 

Occurrence  ot  Species  in  Meiobenthos  Samples,  July  J977 

Stratum 


Experiments 1 Reference 


Spec tes 

kT 

E2 

K4“ 

eT 

E6 

K 7 

R1 

R2 

R3 

R4 

l.tmnodrl  lus  spp. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Llmnodrl lus  hof fmoisteri 

X 

X 

X 

X 

X 

1. i min'd r i I us  cervix 

X 

X 

1 . i Httunl  r i l us  p ro  f und  i e o 1 a 

X 

hero  dijpltata 

X 

X 

X 

N.iis  spp. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

I’e  1 oseo  l ex  mu  1 1 i setosus 

X 

X 

1 lyodr i 1 us  t emp 1 eton i 

X 

X 

X 

X 

X 

X 

X 

Tub  if ex  spp. 

X 

Enehyrae idae 

X 

Branch iura  sowerbyi 

X 

X 

X 

An  l oil  r i 1 us  pijpueti 

X 

Stylarla  lacustris 

X 

Corh tcula  manl lens  is 

X 

X 

X 

X 

X 

X 

X 

Physa  sp. 

X 

P is  id l um  sp. 

X 

Pa lpomyl.i  si>. 

X 

X 

X 

X 

Ch i ronomus  spp . 

X 

X 

X 

X 

X 

X 

X 

Pseudoch i ronomus  sp . 

X 

St  ictochironomua  sp. 

X 

X 

Cryptochi ronomus  sp. 

X 

X 

Polypedi lum  sp. 

X 

X 

X 

X 

Procladius  be  11  us 

X 

X 

Tanypus  sp. 

X 

X 

X 

X 

X 

X 

X 

Coo  1 ot anypus  scapu laris 

X 

X 

X 

X 

X 

X 

Ham  Ischia  sp. 

X 

Acarl 

X 

X 

(Cent  inued) 


L. 
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Table  13  (Continued) 


I 


Species El 

Eucyclops  agilis 
Paracye lops  af f Inis 
Paracyc lops  f Imbrlatus 
Mac rocyc lops  fuse us 
Mesoeyclops  edax 
Hallcyclops  magnlceps 
Canthocamptus  staphl inoides X 
Can t hoc amp t us  robertcokerl 


Canthocamptus  sp.  2 
Morarla  sp. 

Monohystrella  sp.  1 X 
Monohystrella  sp.  2 X 
Monohystera  sp.  X 
Dorylalmus  s p . X 
Amph Idorylalmus  sp.  X 
Thornenema  sp . X 


Paraplectonema  sp . 

Alalmus  sp. 

Anatonchus  sp . X 

Nematode  sp.  10 
Nematode  sp.  11  X 

llyocryptus  spp. 

Alona  a f f i n i s 
A Iona  costata 
Alona  quadrangularls 
Leydlgla  leydl gt 
Leydlgla  acant hoc oroides 
Moina  branch  lata 
Latona  setlfera 


Stratum 

Experimental 

E2  EA  E5  E6  E7  RT 

X X X X X X 

XXX 

XXX 

X 

X 


Reference 
R2  R3  RA 

XXX 

X X 

X 

X 


X X X X 
X 
X 

X 

X X X X X 

X X 
X 

X X X X X 

X X X X X 

X X X X X 

X 
X 

X X 


X X 


X X X X 
X X 

X 

X X 

X XX 

X 

XXX 
X X 
X X 


X X 
X X 
X 

X X 
X X 
X 
X 
X 


R5 

X 

X 

X 


X 


X 

X 

X 

X 

X 

X 


X 


V* 


(Continued) 
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Table  13  (Concluded) 


Species  

Dlaphanosoma  sp. 
Pleuroxus  dent  leu la t us 
Stda  crystal  1 inn 
Bosmina  longi rostris 
Kurzla  latlssima 
Chydorus  sphaer leus 
Macrothr ix  sp. 
Physocyprla  sp. 

Candona  sp. 

Cyprldopsls  sp. 

Da rwtnula  stevensonl 
Mac  rob  lotus  rlchtersll 
Macrob lotus  dlspar 
Macroblotus  f urcatus 
Macrob lotus  hufelandll 
Hyps  lb  Itis  s p . 
Echlnlscus  sp. 


Str 

Experimental 

El  E2  E4  E5  E6  E7 


X X 

X X X X X 

XXX 
X 

X XX 

X 

x X 

X x 


um 

Reference 

R1  R2  R3  R4  R5 

X 

X 

X 

XXX 

X 

X 

X X 

X X X X X 

XX  XX 

X X 

X X X X X 

X X 

X 
X 


X 
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Table  14 

Density  and  Diversity  Statistics  for  Collection  of  Meiobenthos 


Stratum 

Number  of 
Individuals 
(3.8  cm’) 

Number 

of 

Species 

Spec ies 
Diversity 
(H') 

Evenness 

(J’) 

Species 

Richness 

(SR) 

El 

X 

45 

8.3 

2.22 

0.62 

2.45 

SD 

35 

2.1 

0.61 

0.23 

0.53 

E2 

X 

72 

9.1 

2.13 

0.61 

2.04 

SD 

39 

2.3 

0.43 

0.17 

0.31 

E4 

X 

51 

10.3 

2.76 

0.84 

2.40 

SD 

23 

2.3 

0.37 

0.19 

0.47 

E5 

X 

78 

9.8 

2.04 

0.60 

2.14 

SD 

62 

3.6 

0.26 

0.15 

0.55 

E6 

X 

39 

7.3 

1.73 

0.45 

1.84 

SD 

18 

1.9 

0.42 

0.12 

0.55 

E7 

X 

12 

4.5 

1.77 

0.  36 

1.50 

SD 

11 

2.0 

0.42 

0.17 

0.  35 

Rl 

X 

52 

11. 0 

2.82 

0.87 

2.58 

SD 

27 

4.1 

0.42 

0.26 

0.73 

R2 

X 

36 

8.7 

2 . 29 

0.53 

2.14 

SD 

25 

4.1 

0.  70 

0.39 

0.99 

R3 

X 

34 

10.1 

2.72 

0.67 

2.62 

SD 

10 

1.1 

0.27 

0.27 

0.23 

R4 

X 

34 

9.8 

2.72 

0.67 

2.55 

SD 

21 

3.7 

0.29 

0.27 

0.70 

R5 

X 

10 

4.7 

1.72 

0.40 

1.53 

SD 

9 

2.7 

1.11 

0.29 

0.98 
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Table  15 

Croups  Produced  by  Numerical  Classification  of  Species  of  Meiobenthos 


■ 


Group  A 

» Anatonchus  spp.  (N) 

Macrobiotus  r ichtersii  (T) 

I lyodri lus  templetoni  (0) 

Tanypus  spp.  (C) 

Group  B 

Monohystera  spp.  (N) 

Dorylaimus  spp.  (N) 

Limnodr i lus  hof fmelsteri  (0) 
Branch iura  sowerby  1 (0) 

Group  C.  

Alona  costata  (Cl) 

L Polypedllum  sp.  (C) 

Canthocamptus  staphllnoldes  (Cp) 
Corbicula  man  Hens  is  (B) 
Paracyclops  f imbriatus  (Cp) 

Group  D 

Da rw inula  Stevenson i (Os) 
Nematode  sp.  10  (N) 

Candona  spp.  (Os) 

Monohystrella  sp.  2 (N) 


Key:  N - Nematoda 

0 - Oligochaete 
C - Chironomidae 

1 - Insecta  exc.  Chironomidae 


Group  E 

Palpomyia  s p . ( I ) 

Cryptochironomus  fulvus  (C) 
Leydlgia  leydigi  (C.1) 

Bosmina  longirostris  (Cl) 

Group  

Alaimus  spp.  (N) 

Procladius  sp.  (C) 

Paracyclops  af f inis  ( C.p ) 

Alona  a f f i n i s (Cl) 

Chironomus  spp.  (C) 
lHaphanosoma  agilis  (Cl) 

Nais  spp.  (0) 

Coelotanypus  spp.  (C) 

Group  G 

Eucyclops  agilis  (Cp) 

Ilyocryptus  spp . (Cl ) 

Physoeypria  spp.  (Cp) 

Thornenema  sp.  (N) 

Limnodr ilus  spp.  (0) 

Amp hi dory laimus  spp.  (N) 
Monohystrella  sp.  1 (N) 


Cp  - Copepoda 
Os  - Ostracoda 
Cl  - Cladocera 
T - Tardigrada 
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Table  18 

Total  Number  of  Species,  Specimens,  and  Biomass  Collected 


Number  of 
Species 

Number  of 
Specimens 

Biomass 

(kg) 

Grand  Total 

37 

6319 

144.1 

October 

25 

2261 

43.1 

February 

12 

315 

2.0 

Ap  r 1 1 

27 

1034 

49.7 

July 

33 

2709 

49.3 

Windmill  Point 

31 

4137 

103.1 

Herring  Creek 

34 

2182 

41.0 

Hay 

33 

2407 

64.9 

Night 

35 

3912 

79.2 

Marsh  Interior 

20 

722 

97.1 

Interior  Minnow  Traps 

5 

165 

0.7 

Gut  Fyke  Net 

20 

566 

93.7 

Culvert  Fyke  Net 

7 

41 

2.7 

Marsh  Exterior 

35 

5547 

47.1 

Exterior  Minnow  Traps 

6 

231 

1.5 

Seine 

35 

5316 

45.6 

Table  22 

Importance  Ranking  of  Species 


Species 

Anguilla  rostrata 
Alosa  aestivalis 
Alosa  pseudoharengus 
Brevoortia  tyrannus 
Dorosoma  cepedianum 
Dorosoma  petenense 
Anchoa  mitchilli 
Umbra  pygmaea 
Cyprinus  carpio 
H ybognathus  regius 
Nocomis  raneyi 
Notemigonus  crysoleucas 
Notropis  analostanus 
Notropis  bif renatus 
Notropis  hudsonius 
Carpiodes  cyprinus 
Erimyzon  oblongus 
Ictalurus  cat us 
Ictalurus  nebulosus 
Ictalurus  punctatus 
Not urus  gy rinus 
Kundjolus  diaphanus 
- "lulus  heteroclitus 
■*.  t>. r.is  mart  i nica 
: i i be ry  1 1 lna 
• • i -nr  rl  can  a 

■».  r . r «4«at  Ills 


Speci- 

mens 

Rank 

Biomass 

Rank 

Appear- 

ance 

Rank 

16 

6 

2 

20 

30 

21.5 

26 

18 

24.5 

9 

16 

23 

7 

10 

17 

4 

13 

12 

10 

27 

14.5 

36.5 

36 

35.5 

24 

1 

21.5 

11 

15 

8.5 

33 

34 

31 

17 

12 

14.5 

14 

23 

6 

28 

33 

19 

1 

3 

1 

29.5 

32 

31 

25 

4 

26.5 

33 

26 

35.5 

18 

2 

16 

15 

9 

10 

33 

35 

31 

12 

22 

8.5 

6 

19 

4 

27 

28 

31 

5 

20 

5 

3 

7 

3 

8 

25 

19 

19 

14 

11 

(Cont inued) 


Overall 


Sum  of 
Ranks 

Importance 

Rank 

24 

3 

71.5 

26 

68.5 

24 

48 

19 

34 

7.5 

29 

4.5 

51.5 

20 

108 

37 

46.5 

18 

34.5 

9.5 

98 

33 

43.5 

14 

43 

13 

80 

28 

5 

1 

92.5 

31 

55.5 

23 

94.5 

32 

36 

11 

34 

7.5 

99 

34 

42.5 

12 

29 

4.5 

86 

30 

30 

6 

13 

2 

52 

21 

44 

15.5 
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Table  22  (Concluded) 


1 

Species 

Speci- 

mens 

Rank 

Biomass 

Rank 

Appear- 

ance 

Rank 

Sum  of 
Ranks 

Overall 

Importance 

Rank 

• 

Lepomis  tnacrochirus 

21 

11 

13 

45 

17 

Micropterus  salmoides 

33 

17 

31 

81 

29 

Poraoxis  nigromaculatus 

22 

5 

26.5 

53.5 

22 

Etheostoma  olmstedi 

13 

24 

7 

44 

15.5 

Perea  flavescens 

29.5 

21 

28 

78.5 

27 

Leiostomus  xanthurus 

2 

8 

24.5 

34.5 

9.5 

Micropogon  undulatus 

33 

37 

35.5 

105.5 

36 

Paral  iehthys  lethost  igma 

36.5 

31 

35.5 

103 

35 

Trinectes  maculates 

23 

29 

19 

71 

25 
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Table  2b  ^Concluded; 


(Cont Inued ) 


Nematoda 

Rotatoria 

Pelecypoda 

Corbicula  manilensis 
Pisidium  sp. 

Gastropoda 

Physa  sp. 

Lymnaea  sp. 

Gyraulus  sp. 

Annelida 

Oligochaeta 

Branchiura  sowerbyi 
Limnodrilus  spp . 

Nais  spp. 

Peloscolex  multisetosus 
Diplopoda 
Arachnida 
Thomisidae 

Misumenops  sp. 
Callilepis  sp. 

Nopsides  sp. 

Araneida 

Labidognatha 

Agelena  sp. 

Pirata  sp. 

Lycosidae 

Pardosa  sp. 


1 19 

4 


Note:  A * Notropis  hudsonius,  B = Erimyzon  oblongus , C = Ictalurus 
punctatus , D = Fundulus  heteroclltus , E = Morone  amerlcana 


(Continued) 
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Table  30  (Continued) 


Taxon 

A 

B 

C 

1) 

E 

Total 

Oonopldae 

1 

1 

Opil lonldae 

5 

5 

Acarina 

9 

2 

3 

14 

Txodldae 

1 

1 

Arrenurus  sp. 

1 

1 

Euphthi rcaridae 

1 

1 

Crustacea 

80 

4 

84 

Amphlpoda 

2 

1 

5 

8 

Cammarus  fasciatus 

1 

4 

7 

12 

Cladocera 

145 

lbO 

1 

387 

693 

Chydorus  sp. 

3 

3 

Alona  sp. 

18 

428 

4 

450 

Bosmina  sp. 

8b 

17 

2 

1588 

1693 

I-eydigia  sp. 

32 

45 

77 

llyocryptus  sp. 

8 

5 

1 

14 

Sida  sp. 

1 

555 

373 

929 

Daphnia  sp. 

2 

1 

3 

Euryalona  occldentalis 

i 

1 

Ostracoda 

25 

1 

26 

Thysocyprla  sp. 

88 

5 bb 

4 

307 

160 

1125 

Candona  sp. 

8b 

b91 

1 

5 

85 

868 

Copepoda 

171 

152 

11 

334 

Cyclopoida 

441 

130 

2 

48 

189 

810 

(NaupJ ius) 

1 

1 

Calanolda 

1 

12 

13 

Harpacticolda 

20 

16b 

11 

17 

214 

Decapoda 

1 

3 

4 

Insecta 

113 

1 

44 

158 

Col lembola 

1 

1 

Thysanura 

Lepismatldae 

2 

1 

3 

(Cont inued) 
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Table  30  (Continued) 


Taxon 

A 

B 

C 

0 

E 

iota  1 

Ephemeroptera 

1 

1 

2 

F.phemeridae 

4 

2 

6 

Hexagon In  sp. 

5 

5 

Heptagen 1 Idae 

1 

1 

Leptophlebi idao 

Paraleptophlebla  sp. 

2 

2 

Baet i dae 

Ephemereila  sp. 

1 

5 

6 

Odonata 

1 

1 

Orthoptera 

1 

1 

Tett igoni idao 

1 

1 

Psocoptera 

Psocidae 

2 

7 

9 

Hem i ptera 

2 

6 

2 

10 

Corixidae 

4 

4 

Trichocorlxa  sp. 

8 

8 

Si gar a sp. 

1 

1 

1 le spe  rocorlxa  s p . 

1 

1 

Me save  1 1 idae 

Mesovella  mu  Isanti 

3 

1 

4 

Ml r idae 

1 

1 

Penta tom idae 

2 

2 

Homoptera 

7 

b 

13 

Membrac idae 

1 

9 

1 

11 

Cicadell idae 

1 

7 

8 

Cercopidae 

1 

1 

Delphac idae 

6 

3 

5 

14 

Psy 1 l idae 

1 

9 

10 

Flat idae 

Anormlnls  sp. 

1 

1 

Coleoptera 

4 

2 

1 

7 

(Cent inued) 


V 
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Table  JO  (Continued) 


Taxon 

A 

B C 

D E 

Total 

Carabidae 

1 

4 

1 

b 

Dy t isc ldae 

1 

1 

2 

Copelatus  sp. 

1 

1 

Hydrophilus  undulatus 

1 

1 

Polyphaga 

1 

1 

Staphyl inidae 

1 

1 

2 

Heteroceridae 

2 

2 

Ch i 1 o c o r us  s t i gma 

4 

4 

Chrysomel idae 

2 

5 

7 

Crytocephalus  sp. 

1 

1 

Tricoptera 

5 

5 

Hydropt 1 l idae 

1 

1 

Lepidoptera 

1 

1 

Frenatae 

1 

1 

Pvral idae 

1 

1 

Diptera 

17 

4 

1 

22 

Nematocera 

1 

i 

Tachtnidae 

1 

i 

Tlpul Idae 

34 

12 

b 29 

81 

Cul tc idae 

8 

8 

Tabanidae 

1 

2 

3 

Chrysops  sp. 

2 

2 

Syrphidae 

i 

1 

Muse idae 

i 

1 

2 

Cec Idomy i idae 

1 

1 

Ch l ronomidae 

344 

15  772 

l 1504 

2 b 3b 

Clilronomus  sp. 

109 

10b 

2 97 

314 

Cryptoeh 1 ronomus  sp . 

lb 

lb 

55 

87 

Dteroteinl ipes  sp. 

0 

1 

3 

Glyptotendipes  sp. 

2 

3 

1 

6 

llarnischia  sp. 

b 

6 

Polyped i 1 urn  spp. 

105 

5 59 

163 

332 

(Cent  Lnued) 


1' 


189 


Table  30  (Continued) 


Taxon 

A 

B 

C 

D 

F. 

Total 

Proe lad  ins  sp. 

6 

3 

3 

12 

Tany tarsus  sp. 

20 

1 

343 

43 

407 

Cricotopus  sp. 

1 

1 

4 

6 

Cera topogon idae 

2 

3 

1 

6 

Palpomyla  sp. 

76 

1 

11 

249 

337 

Stilobezzla  sp. 

5 

5 

.1  ohannsenenomy  la  sp . 

1 

1 

Sch i zophora 

1 

1 

Acalyptratae 

1 

1 

Hymenoptera 

18 

13 

2 

1 

34 

Apocrita 

2 

1 

60 

19 

82 

Proc tot rup Idae 

2 

2 

Ichneumon idae 

1 

1 

Chalcididae 

2 

4 

5 

11 

Trigonal idae 

1 

1 

Formic idae 

30 

1 

31 

Myrmic inae 

1 

1 

2 

Vespidae 

1 

1 

Zethinae 

1 

1 

Apidae 

1 

1 

Apis  mellifera 

1 

1 

Unidentifiable  Insect  Egg 

1 

1 

Tsces 

2 

17 

19 

Anguillidae 

Anguilla  rostrata 

1 

1 

Cl upeidae 

Dorosoma  petenense 

7 

7 

Dorosoma  sp.  (eggs) 

28 

56 

84 

Alosa  aest ival is  (eggs) 

23 

23 

Alosa  sp.  (eggs) 

2 

19 

21 

Alosa  sp. 

1 

1 

(Continued) 
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Tab  lo  10  (Cone  1 ml  oil ) 


Taxon 

A 

B 

C 

l) 

!•: 

Tot  a 1 

Oypr  l notion  t Idao 

1 

1 

Kundulus  heteroc l itua  (egg) 

124 

1 1 

135 

Kuiululua  sp. 

6 

6 

At  her  In idao 

Mon lil la  berylllna 

2 

•J 

Men i ilia  beryl  llna  (engs) 

i 

1 

Men  id  la  sp.  (onus') 

l 

1 

Pore ichthy idao 

Mi>rone  anierioana  (eggs) 

i 

3 

4 

Hug  rati  1 idao 

Auction  sp.  (eggs) 

45 

45 

Cypr in idao 

Notropls  hudsonius 

1 

1 

Not ropla  sp. 

•) 

> 

Places  eggs  (unidentifiable) 

b4 

15 

79 

Ampb 1 b la 

i 

1 

Plant  Seeds 

A1 Ismataooao 

Sa^l t tar  la  la t l t o l la 

707 

51 

758 

Poaoeae 

Panto  inn  amarulum 

43 

5 

48 

Unidentifiable  seeds  and  .berrler 

401 

19 

240 

660 

Unidentifiable  plant  material 

15 

15 

Unidentifiable  eggs 

bt 

61 

Total  Number  of  Organisms 

4755 

2404 

2361 

577 

5588  15,685 

Total  Number  of  Stomachs  Kxamtned 

1025 

2b 

79 

14b 

331 

1,607 

Table  U’. 


Floral  I nvontory  of  F.xper  i men  t a 1 Sit  o Taken  Dee  ember  1974 


Se  i entitle  Name  Common  Name 

Marsh  Community 


Amaranthus  eannabinus  (1,.) 

.1 . 0.  Sauer 

Water  Hemp 

Aneilema  keisak  llassk. 

Aster  subulatus  Mlchx. 

Salt  marsh  Aster 

Boehmerla  cylindrical  (I..)  Sw. 

False  Nettle 

Carex  spp. 

Sedge 

Cepha  lan thus  occidental  Is  1,. 

But tonbush 

F.chinochloa  e rusj^a  1 1 i (h.) 

Beauv. 

Barnyard  Grass 

Hiblseus  moseheutos  1.. 

Swamp  Rose  Mallow 

Imps t lens  capensis  Meerb. 

dewe lweed 

Juncus  spp. 

Rush 

.lustleia  amerleana  (1,.)  Vahl 

Wa  ter  Will  <>w 

hudwigta  ileenrrens  Walt. 

Primrose  Willow 

lanlwl gla  palustris  (1,.)  Ell 

• 

Water  Purslane 

l.iulwlg^la  urnguayens  1 s (I. am. 

) Ha  ra 

Primrose  Willow 

1’eltamlra  virgin  lea  (I,.)  Kunth 

Arrow  Arum 

Polygonum  punctatum  Ell. 

Water  Smart weed 

I’o  1 vgonum  sag itta turn  T. 

Arrow- 1 eaved  Teart luimb 

Pontedcrla  cordata  I.. 

P i oko ro 1 wood 

Korljvpa  tsl.uullea  (Oeder)  Borbfts 

Yellow  Cress 

Rumex  vert  ie  i 1 1 at  us  1.. 

Water  Doek 

Sagittaria  fa  1 eat  a l’ursh 

Arrowhead 

Se i rpus  amerleauus  Pers. 

Threesquare 

Sol  rpus  oyperluus  (I,.)  Kunth 

Woo l grass 

Se  trpus  validus  Vahl 

Soft-stem  Bulrush 

Typha  august  1 folia  1.. 

Narrow-leaved  Cattail 

Typha  latifolta  1.. 

Common  Cattail 

Vernonla  noveboraeens  Is  (1.. 

) Miehx. 

1 ronweed 

(Cent  i utn’il) 
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Table  32  (Concluded) 


Scientific  Name Common  Name 

Up lan d Community 


Agalinis  purpurea  (L.)  Penn. 

Gerardia 

Alnus  serrulata  (Alt.)  W 1 1 Id. 

Common  Alder 

Aploa  americana  Medic. 

Groundnut 

Aster  dumosus  I.. 

Aster 

Aster  punlceus  l.. 

Aster 

Aster  vimineus  Lam. 

Aster 

Cassia  nictitans  I,. 

Wild  Sensitive  Plant 

Celt  is  occidental  Is  L. 

Hackberry 

Chenopod i um  amb rosio Ides 

L. 

Mexican  Tea 

Clematis  virgin  tana  L. 

Virgin's  Bower 

Cornus  amomum  Mill. 

Dogwood 

Cynanchum  laeve  (Michx.) 

Pers . 

Sandvine 

Cyperus  esculentus  L. 

Nut  Grass 

Cyperus  str igosus  L. 

Umbrella  Sedge 

Kupator i um  cap  1 1 1 i fol i um 

( Lam . ) Sma 1 1 

Dog  Fennel 

Fraxlnus  americana  L. 

White  Ash 

Lespedeza  cunoata  (Dumont)  G.  Don 

Bush  Clover 

Mlkania  scandens  (L.)  Wllld. 

Climbing  Hempweed 

Pan l cum  virgatum  L. 

Switchgrass 

Polygonum  lapathifol ium 

L. 

Dock-leaved  Smartweed 

Populus  deltoides  Marsh. 

Cottonwood 

Robinia  pseudo-acacia  L. 

Black  Locust 

Rumex  crispus  L. 

Yellow  Dock 

Ruraex  obtusifolius  L. 

Bitter  Dock 

Salix  nigra  L. 

Black  Willow 

Solanum  carol Inense  L. 

Horse  Nettle 

Taxod i um  d is t ic hum  ( L . ) 

Richard 

Bald  Cypress 

Xanthium  strumarium  L. 

Cocklebur 
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Table  33 

Floral  Inventory  of  Fxpor  I meat  a 1 Site-  Taken  July  197  r> ; New  Spec  ies  Only 
Scientific  Name  Common  Name 


llredgeJ  Material 

Alisma  subcordat  utn  Raf.  Water  Plantain 

Ammannia  coce inea  Rottb.  Scarlet  Ammannla 

Eeh tnoehloa  crus-pavonis  (H.B.K.)  Sebult. 

El eoc bar  is  ojbtusa  (Wllld.)  Schultes  Spike  rush 


Erajprost_ls  hyp  no  i des  (.Earn.)  BSP. 
Kr inn thus  sp. 

Cnlium  trif  lilum  I,. 

Cratlola  v i rpinlana  1.. 

Hypericum  mutilum  1.. 

Hypericum  sp. 

June us  acumlnatus  Michx. 

June ns  tenuis  Wllld. 

Leers  la  oryzoides  (L.)  Sw. 
l.lndernia  dub  la  11, .1  Penn. 
Mimulus  r in  gens  1.. 

Panlcum  dichotoml f lorum  Michx. 


Love  Crass 
Plume  Crass 
Beds  t raw 
Hedge  Hyssop 
St.  John's- wort 
St.  John's-wort 
Rush 

Path  Rush 
Rice  Cut  grass 
False  Pimpernel 
Monkey  Flower 
Panic  Crass 


Paspalum  dissect um  L. 

Pa  spa 1 um  flu  l tans  ( E 11.)  Run  t h 
Pas pa  1 um  sp. 

Pi  lea  pumlla  (I..)  Cray  Clearweed 


Rota  la  ramos lor  (L.) 
Sajjittaria  sp. 


Koehue 

Hike  and  Original 


Too the  up 
Arrowhead 
Island 


Acalypha  rhomboidea  Raf. 

Acer  rubrum  L. 

Alopecurus  caro 1 inianus  Walt. 
Ama  ran  thus  hybrldtis  L. 

Am. i rant  bus  splnosus  L. 
Artemisia  annua  L. 


Three-seeded  Mercury 
Red  Maple 
Foxtail  Crass 
Ama  ran  t h 
Thorny  Amaranth 
Wo rmwood 

(Cont Inued) 
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Table  33  (Concluded) 


Scientific  Name 

Common  Name 

Bidens  aristosa  (Michx. ) Britt. 

Beggar  Ticks 

Bidens  frondosa  L. 

Beggar  Ticks 

*Dactv 1 is  glomerata  L. 

Orchard  Grass 

Datura  stramonium  L. 

Jimson  Weed 

Digitaria  sanguinal is  (L.)  Scop. 

Crabgrass 

Ec 1 ipta  alba  (L.)  Hassk. 

Yerba-de-Tago 

Kleusine  indica  (L.)  Gaertn. 

Goosegrass 

*Festuca  elatior  L. 

Fescue 

Fimbr istylis  spp. 

Helenium  autumnale  L. 

Sneezeweed 

Liriodendron  tulipifera  L. 

Tulip  Tree 

Lo  1 i urn  s p . 

Rye  Grass 

Mo 1 1 ugo  verticil  lata  L. 

Carpetweed 

Oenothera  sp. 

Evening  Primrose 

Oxalis  sp. 

Wood  Sorrel 

*Panicum  amarulum  Hitchc.  & Chase 

Beachgrass 

Phytolacca  americana  L. 

Poke 

Planera  aquat ica  Walt,  ex  J.F.  Gmel. 

Planer-tree 

Platanus  occidentalis  L. 

Sycamore 

Potent  ilia  norvegica  L. 

Cinquefoil 

Ranunculus  sp. 

Buttercup 

Rumex  conglomeratus  Murr. 

Clustered  Dock 

Salix  spp. 

Willow 

Solanum  americanum  Mill. 

Nightshade 

Solidago  altissima  L. 

Goldenrod 

*Spartina  alterniflora  Loisel. 

Smooth  Cordgrass 

*Spartina  cynosuroides  (L.)  Roth. 

Big  Cordgrass 

*Trifolium  repens  L. 

White  Clover 

Veronica  anagall is-aquatica  L. 

Water  Speedwell 

Viola  sp. 

Violet 

Zea  mays  L. 

Corn 

*Specles  artificially  planted. 
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Table  34 


Floral  Inventory  of  Experimental  Site  Taken  July-November  1976: 

Now  Spec les  Only 


Scientific  Name Common  Name 

Dredged  Material 

Sensitive-joint  Vetcb 
Beggar  Ticks 
Sedge 
Sedge 
Dodder 

Walter's  Millet 
Beds t raw 
Soft  Rush 
Seashore  Mallow 
Halberd-leaved  Tearthumb 
Arrowhead 
Wild  Bean 


Dike  and  Original  Island 


Andropogon  virginicus  L. 

Broom  Sedge 

Aster  simplex  Willd. 

Aster 

Bidens  cernua  L. 

Beggar  Ticks 

Chenopodium  album  L. 

Lamb's  Quarters 

Craetaegus  sp. 

Hawthorn 

Cyperus  ery throrhizos  Muhl. 

Umbrella  Sedge 

Diodia  virginiana  L. 

Buttonweed 

Eragrostis  refracta  (Muhl.)  Scribn. 

Love  Grass 

Erechtites  hieracifolia  (L.)  Raf. 

Fi  reweed 

Erigeron  canadensis  L. 

Horseweed 

Eupatorium  serotinum  Michx. 

Thoroughwort 

Euphorbia  maculata  L. 

Evebane 

Fragaria  virginiana  Duchesne 

Strawberry 

Gnaphalium  obtusifolium  L. 

Cat foot 

(Continued) 


Aesehynomene  virginica  (L.)  BSP. 
Bidens  laevts  (L.)  BSP. 

Carex  f rank i i Kunth 
Carex  tribuloides  Wahlenb. 

Cuscuta  campestris  Yuncker 
Ech inoch 1 oa  waiter!  (Pursh)  Nash 
Gal lum  tinctorium  L. 

June us  ef fusus  L. 

Kosteletskya  virginica  (L.)  Presl 
Polygonum  arifolium  L. 

Saglttaria  lat i fol  ia  W i 1 1 d . 
Strophostyles  helvola  (L.)  Ell. 
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Table  34  (Concluded) 


Scientific  Name 

Common  Name 

Hamulus  japonicus  Sieb.  4 7 ucc. 

Japanese  Hops 

Lycopus  americanus  Muhl.  ex  Bart. 

Bugleweed 

lA-.-opus  virg_inicus  I.. 

Bugl eweed 

Oenothera  biennis  L. 

Evening  Primrose 

Penthorum  sedoides  1.. 

Ditch  Stonecrop 

Polygonum  cespltosum  Blume 

Tufted  Sma r t wee d 

Polvgonum  pensylvanicum  L. 

Pinkweed 

Ranunculus  repens  L. 

Creeping  Buttercup 

Rosa  pa  1 us t r is  Marsh. 

Sacciolepis  striata  (L.)  Nash 

Swamp  Rose 

Saponaria  officinalis  L. 

Soapwort 

Scirpus  atrovirens  Willd. 

Bui  rush 

Scutellaria  lateriflora  L. 

Mad-dog  Skullcap 

Setaria  viridis  (L.)  Beauv. 

Bristly  Foxtail 

Sicvos  angulatus  L. 

Bur  Cucumber 

Solidago  sempervirens  L. 

Seaside  Goldenrod 

rimus  americana  L. 

American  Elm 

Ulmus  rubra  Muhl. 

Slippery  Elm 
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Table  35 

Inventory  of  Experimental  Site  Taken  May-June  1977: 
New  Species  Only 

Scientific  Name  Common  Name 


Dredged  Material 


Carex  albolutescens  Schw. 

Sedge 

Carex  crinita  Lam. 

Sedge 

Carex  lurida  Wahlenb. 

Sedge 

Carex  scoparia  Schkuhr 

Sedge 

Carex  stipata  Muhl. 

Sedge 

Carex  vulpinoidea  Michx. 

Sedge 

Circuta  maculata  L. 

Water  Hemlock 

Galium  obtusum  Bigel. 

Bedstraw 

Iris  pseudacorus  L. 

Yellow  Iris 

Panicum  spretum  Schultes 

Panic  Grass 

Ptilimnium  capillaceum  (Michx.)  Raf. 

Mock  Bishop-weed 

Scirpus  fluviatilis  (Torr.)  Gray 

River  Bulrush 

Sium  suave  Walt. 

Water  Parsnip 

Zizaniopsis  miliacea  (Michx.) 

D8ll  & Aschers. 

Southern  Wild  Rice 

Dike  and  Original 

Island 

Ambrosia  artemisiifolia  L. 

Common  Ragweed 

Asclepias  syriaca  L. 

Milkweed 

Baccharis  halimifolia  L. 

Groundsel  Tree 

Calystegia  sepium  (L.)  R.  Brown 

Bindweed 

Erigeron  annuus  (L.)  Pers. 

Daisy  Fleabane 

Festuca  octoflora  Walt. 

Fescue 

Festuca  ovina  L. 

Fescue 

Gnaphalium  purpureum  L. 

Purple  Cudweed 

Helianthuo  annuus  L. 

Common  Sunflower 

Hypochoeris  radicata  L. 

Cat's-ear 

Lactuca  canadensis  L. 

Lettuce 

Lactuca  scariola  L. 

Prickly  Lettuce 

Lepidium  virginicum  L. 

(Continued) 

Pepperwort 
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Tab  1 e )'>  (Concluded) 


Scientific  Name 
Oenothera  lacinlata  Hill 
Hyrrliopappus  carol  Inlanus  (Walt.)  DC. 
Kaiuiiu'ulus  sceleratus  1.. 

Scutellaria  Intej^r  l tol  la  1.. 

Sonclius  asp  or  (l..)  Mill 
Specular  la  perfollata  (l,.)  A.  DC. 
Taraxacum  officinale  Weber 
Tr  l folium  campestre  Schreb. 

Tr  l f ol  lum  prat  ease  1.. 

Verbena  urtlclfolla  1.. 


Common  Name 
Sow  Th  1st  1 e 
Fa  1 so  batulo  1 I on 
Cursed  Crowfoot 
Skul leap 
Sow  l'b Is t 1 e 
Venus'  book  Inp.-nlass 
Common  Dande 1 i on 
bow  Hop  Clover 
Red  Clover 


Vorva  In 


Tablo  U> 


Floral  Invontoiy  ot  F.xpor  Imont  a l SI  to  Takon  Jul  y-So|>t  omber  ll>/7: 

Now  Spool oh  Only 


So  l out  1 1 l o Nairn* 

p 

Dredged  Mater 

HI  dens  ooionat a (!,.)  tlrll  I. 

Kloooli.irls  t. ill. ix  Weatli. 
l.obo  1 1 .»  r.i  i it  I tin  l l s 1. . 

I'anioum  agrostoldes  Spreng. 

7.1  /.in  1 ,i  .opiat  lea  I.. 

1H  ke  -lint  Or  i glna  1 

Arthtaxon  lilspldus  (Tluinb.)  Mak  1 no 
til ilons  poly l op  Is  tllako 

Cardans  ilisoi  lot  (Mult  l . ox  Wit  lit.)  Nnt  t . 

Conetil  us  longlsplnns  (Hark.)  Ko  i'll . 

Commelina  ooimmints  I,. 

Cvpoitis  Ilia  1.. 

Digitaria  I si'  tiaoiinim  (Seltreb.) 

Seltreb.  ox  Mulil. 

Kpilobimn  ot>  l oral  um  lUohlor 

Cupat or  I urn  mao  n I a t uni  I.. 

K Itttbr  l s t y l 1 s autmmialis  (I..)  K.  A S. 

Hibisous  mil  (laris  Cav. 

Ipomoea  laounosa  I . 

I.optoohloa  nn  l no  rv  l ..  (I’rosll 
It  1 1 olio.  S Chase 

l.tppla  noiltllora  (I..)  Mloiix. 

Soiluiit  t etuat um  Mlotix. 

Sol  I dago  lonnltolia  I’ursb 

V i t 1 s vu  I p t na  I. . 


Common  Name 

la  1 

llogga r Tieks 
Sp  i korusti 
Cardinal  Flower 
I’anlo  Crass 
Wild  Kioo 

Island 

beggar  Tieks 

lb l silo  V 

Sandbnr 

l>av  t 1 owor 

llnibrolla  Sedge 

Smoot  1 1 Crab grass 

Wi  1 low-herb 
doe- pvo-weod 

Ha  lb«*rd- leaved  Koso  Mallow 
Morning  (I lory 
Spi ang 1 o t op 

Cog  - 1 rn  1 1 
Si  onoo  rop 
Co  1 don  rod 
Winter  Crape 


701 


Table  37 

Summary  ot  floral  Inventories  of  Kxper  tment  a 1 
S 1 1 e Taken  December  1974  to  September  1977 


l no  roast1  In  Species  over  I'revlmis  Inventory 


Habitat 

Dec 

1974 

Jul 

1975 

Jul -Nov 
197b 

May-Jun 

1977 

Jul -Sep 
1977 

Total 

Marsb  or 

Dredged 

Material 

27 

•>  *7 

12 

14 

5 

80 

Upland  Dike 
and  Original 

1 s land 

28 

*37 

32 

23 

17 

137 

Tot  a l 

55 

59 

44 

37 

22 

217 

* I nr  1 mien  six  planted  species. 


.’02 


Mean  Percent  Cover  for  Plant  Species  Sampled  at  the 


* Negligible  value. 

**  Species  not  sampled. 


Soils-Plant  Relationships 


^Number  of  censuses 


Birds  per  hectare 

1976 1971 

Late  Early  Late  Early  Late  Early  Late 

Spring  Summer  Summer  Fall  Winter  Spring  Spring  Summer  Summer 
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Table  41  (Continued) 


(Continued) 


Table  41  (Continued; 


Long-billed  marsh  wren  0.23  0.99  0.35  0.18  0.03 

(Continued ) 


Table  41  (Conclu^ 


Table  42 

Mean  Density  ot  BlrJ  Species  at  the  Herrinp  Creek  Re  tyre  nee  Site 


Birds 

per  he 

■ctare 

1“  ' ' __ 

Ear  1 y 

La  t e 

Ka  r 1 y 

hate 

W In  t e r 

Spring  : 

>pr  i ni'. 

Summer 

Summer 

Common  Name  ( n* 

i'O 

£2) 

in 

(3) 

Croat  egret 

0.  1 1 

Croon  heron 

0.  3S 

0. 1 1 

Black  duck 

0.23 

Wood  duck 

0. 

0.  2 3 

t'emmen  me  r e. ms  e r 

Turkey  vulture 

Marsh  hawk 

Me r l i n 

Bobwh i te 

Common  snipe 

K Ing-b i l led  gull 

Yellow-billed  euokoo 

Re l ted  kingfisher 

Common  t 1 leker 

Kt\l-hi*  1 1 fed  woodpecker 

Downy  woodpecker 

East e rn  kingbird 

llnidont it  led  flycatcher 

Barn  swallow 

Bank  swallow 

Kish  crow 

Common  e row 

Carolina  chickadee 

hong-billed  marsh  wren 


0.  11 
0.  1 1 

0.  1 I 

0.11 

0 . 4 o 

0.  1 1 
0.11 

O.tol  0.4  b 

0.  1 1 
0.  1 1 

0.  17 

0.11 

0.8b  0.  .IS  0.11 

0.11 
2 . 88 
2.88 

0 . 2 3 
0.  1 1 

0. 1 1 
0.11 


♦Number  of  censuses 


iCont inuedl 
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Table  42  (Concluded) 


Birds 

per  hoc 

tare 

1977 

Earl  v 

La  t e 

Ea  r 1 y 

La  t 

W inter 

Spring 

Spring 

Summer 

Summer 

Common  Name 

(3) 

(3) 

(2) 

(1) 

(3) 

American  robin 

0.11 

Brown  thrasher 

0.11 

Common  vel lovthrout 

0.17 

0. 1 1 

Red-winced  blackbird 

3.45 

0.46 

4.32 

3.11 

8.07 

Common  crackle 

0.  35 

Orchard  oriole 

0.  35 

Indigo  bunting 

O.bd 

0.23 

American  goldfinch 

2.  Id 

0.11 

Cardinal 

0.46 

0.46 

0.  52 

Purple  finch 

0.23 

Wh ite- throated  sparrow 

14.07 

1.2b 

Swamp  sparrow 

d.  11 

2.42 

Song  sparrow 

5.65 

2.31 

- 

Tot  a 1 

36.17 

8.47 

7.08 

5.20 

15.30 
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Mean  Density  of  Birds  at  the  James  River  Berm  Site 


Table  43  (Continued) 


Red-winged  blackbird  2.06  0.21  1.03  15.46 

(Continued) 


Table  43  (Concluded) 


Table  4 4 

Oenmmnltv  Structure  Parameters,  Wltnlmili  Point  Kxperimeut.il  Site 


Season/ 

Da  t e 

No.  of 

Spec ies 

No . of 

1 lull  vl  duals 

Diversity 

(H’> 

Evenness 

. A-I' ) 

Spec les 
Richness 

Late  Spring 

5/18/76 

12 

68 

2.98 

0.83 

2.61 

Early  Summer 

7/07/76 

15 

47 

3.34 

0.85 

3.63 

7/14/76 

10 

52 

2.56 

0.  77 

2.27 

X 

12.5 

49.  5 

2.95 

0.81 

2.95 

Late  Summer 

7/29/76 

17 

307 

l . 96 

0.48 

2.  79 

7/10/76 

9 

254 

2.  36 

0.75 

1.44 

8/13/76 

18 

329 

1.71 

0.41 

2.93 

X 

14.7 

296.7 

2.01 

0.  54 

2.  39 

Fa  1 1 

9/09/76 

12 

342 

2.25 

0.63 

1.88 

9/29/76 

15 

148 

1.32 

0.  34 

2 . 80 

10/06/76 

14 

166 

1.85 

0.48 

2.54 

10/13/76 

21 

247 

2.32 

0.53 

3.63 

10/28/76 

16 

288 

2.37 

0.  59 

2.65 

10/29/76 

22 

1126 

1.52 

0.  34 

2 . 99 

X 

16.  7 

386 . 0 

1.93 

0.48 

2.75 

Winter 

11/16/76 

21 

201 

3.46 

0.  79 

3.77 

2/11/77 

13 

348 

1.87 

0.50 

2.05 

X 

17.0 

250.0 

2 . 66 

0.64 

2.91 

Early  Spring 

3/03/77 

10 

238 

1.38 

0.42 

1.64 

3/29/77 

8 

1 12 

2 . 39 

0.80 

1.35 

3/29/77 

12 

1451 

0.31 

0.09 

1.51 

3/30/77 

18 

435 

2.99 

0.72 

2.79 

(Cent  (illicit) 
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Tab  to  44  ll'oin*  1 luloil) 


i 


Season/ 

Da  t o 

No . o t" 

Spoe t os 

No . o f 
liul  1 v l vlu.i  1 s 

IMvors  l tv 
(H* ) 

Kveuuoss 

(All 

Spoo I os 

K l etmoss 

4/1  1/77 

12 

t>7 

2.91 

0.81 

7 . bb 

4/1  5/  7 7 

17 

4 1 *> 

7.  OS 

Cl.  S 7 

1.82 

4/14/77 

IS 

45  5 

2 . S 7 

0 . b 7 

2.17 

X 

17.0 

4 b 7. 8 

7.01 

0.  S8 

1 . 99 

l.uto  Spring 


4/27/77 

> 1 

147 

5.70 

0.8  5 

4 . 2 1 

4/28/77 

78 

172 

4 . OS 

0.84 

5 . 2 4 

5/19/77 

17 

108 

5 . 54 

0.87 

5.41 

S/20/77 

1 s 

1 77 

5.  51 

0.85 

2.70 

S / 2 b / 7 7 

IS 

56 

5.  1 1 

0.81 

3.24 

X 

1 9 . 4 

1 52.0 

5.  S4 

0.84 

5.8  5 

Karlv  Summor 


6/02/77 

1 7 

2 lb 

t .44 

0.  40 

7 . 04 

6/16/77 

b 

54 

l . b9 

0.  bb 

1.25 

b/2 5/7/ 

1 1 

41 

7 . b 7 

0.  7b 

2.69 

b/27/77 

t 5 

4 5 

2.7b 

0. 74 

5.  19 

7/11/77 

12 

4 b 

7 . 96 

0.8  5 

2.87 

X 

10.8 

80 . 0 

2. 29 

O.bS 

2.41 

Pali1  Summor 


7/26/77 

1 5 

92 

2 . 50 

0.68 

2.65 

7/26/77 

24 

88b 

1.63 

0.  5b 

5 . 58 

7/27/77 

12 

42b 

1 . 60 

0.45 

1.82 

8/10/77 

18 

2 SO 

5 . 09 

0.  74 

5.07 

8/29/77 

17 

749 

2.75 

0.67 

2 . 89 

8/ 50/77 

14 

199 

2.  lb 

0.62 

2. 45 

X 

lb.  5 

5 SO.  7 

7.  52 

0.59 

7.71 

Oruiul  Moan 

1 4 . b 

230.6 

2.52 

0.68 

7.7  3 

SO 

2.92 

153.6 

0.  55 

0.13 

0.  51 

1 


.’17 


Table  45 

Number  of  Winter  Resident  Bird  Species  at  Wlndini  I I Point 
Kxpe r I men t a 1 bite,  Compared  with  Other 
Vi  rjj,  in  ia-Marv  land  Census  Areas* 


Hah i ta t 

hoc at  Ion 

Birds  per 
hectare 

Windmill  Point  Disposal  Site 

Prince  George  Co., 

Va. 

1.79 

Lagoon 

Arlington  Co.,  Va. 

0.  72 

Mixed  wooded  habitat 

Montgomery  Co.,  Md, 

0.91 

Abandoned  field 

Prince  George  Co. , 

Md. 

3.28 

Upland  oak-hickory  hardwood  forest 

Fairfax  Co.,  Va. 

1.91 

Coastal  disturbed  floodplain 

Gloucester  Co.,  Va, 

5.80 

♦Censuses  are  from  American  Birds,  29th  Winter  Bird-Population  Study. 
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Table  46 

Community  Structure  Parameters,  Herring  Creek  Reference  Site 


Season/ 

No . o f 

No . of 

Diversity 

Evenness 

Spec ies 

Date 

Species 

Individuals 

(H') 

(J ' ) 

Richness 

Winter 

1/13/77 

9 

74 

2 . 22 

0.70 

1.86 

1/25/77 

8 

170 

2. 10 

0.70 

1.36 

2/23/77 

5 

70 

1.91 

0.82 

0.94 

X 

7.3 

104.7 

2.08 

0.  74 

1.39 

Early  Spring 

3/03/77 

14 

43 

2.89 

0.  76 

3 . 46 

3/30/77 

7 

22 

2.48 

0.88 

1.94 

4/14/77 

3 

9 

0.99 

0.  31 

0.62 

X 

8.0 

24.7 

2.12 

0.65 

2.01 

Late  Spring 

5/20/77 

7 

27 

2.08 

0.  74 

1.82 

5/27/77 

4 

14 

1.29 

0.64 

1.13 

X 

5.5 

20.5 

1.68 

0.69 

1.47 

j 

Early  Summer 

,] 

6/24/77 

6 

15 

1.87 

0.72 

1.85 

Late  Summer 

: 

7/27/77 

4 

25 

0.87 

0.43 

0.93 

i 

j 

8/10/77 

9 

6b 

2.06 

0.65 

1.91 

■ 

8/30/77 

3 

42 

0.32 

0.20 

0.53 

X 

5.3 

44.3 

1.08 

0.43 

1.12 

Grand  Mean 

6 . A 

41.8 

1.77 

0.65 

1.57 

SD 

1. 18 

32.9 

0.42 

0.  12 

0.36 

Table  47 

Community  Structure  Parameters,  James  River  Berm 


Season/ 

Date 

Species 

Individuals 

Diversity 

(H’) 

Evenness 

O') 

Species 

Richness 

Early  Summer 

7/14/76 

6 

9 

2.42 

0.93 

2.27 

Late  Summer 

7/30/76 

7 

8 

2.74 

0.97 

2.88 

8/19/76 

4 

4 

1.99 

1.00 

2.16 

X 

5.5 

6.0 

2.36 

0.98 

2.52 

Fall 

9/09/76 

8 

19 

2.71 

0.91 

2.37 

9/29/76 

8 

9 

2.95 

0.93 

3.19 

10/06/76 

16 

36 

3.33 

0.83 

4.18 

10/14/76 

7 

19 

2.  71 

0.97 

2.03 

10/29/76 

13 

29 

3.00 

0.81 

3.56 

X 

10.4 

22.4 

2.94 

0.89 

3.07 

Winter 

1/25/77 

15 

30 

3.57 

0.91 

4.11 

2/23/77 

6 

22 

1.81 

0.70 

1.61 

X 

10.5 

19.2 

2.69 

0.81 

2.86 

Early  Spring 

3/30/77 

6 

29 

1.66 

0.64 

1.48 

4/14/77 

5 

7 

2.23 

0.96 

2.05 

X 

5.5 

18.0 

1.94 

0.80 

1.76 

Late  Spring 

5/20/77 

7 

8 

2.15 

0.72 

2.85 

5/27/77 

9 

15 

3.05 

0.96 

2.95 

X 

8.0 

11.5 

2.60 

0.80 

2.90 

(Continued) 
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Table  47  (Concluded) 


1 


Season/ 

Date 

No.  of 

Spec ies 

No . o f 

Tnd 1 vidua  Is 

Divers  Lty 
(11/)  ' 

Evenness 

(J*) 

Spec i es 

K 1 ilmess 

Early  Summer 

6/24/77 

13 

23 

3. 46 

0.93 

3.82 

Late  Summer 

7/27/77 

9 

15 

2.74 

0.86 

2.95 

8/10/77 

5 

8 

2.15 

0.93 

1.92 

8/30/77 

7 

263 

0.92 

0.  32 

1 . 26 

X 

7.0 

95.3 

1.94 

0.70 

2.04 

Grand  Mean 

8.6 

27.9 

2.56 

0.84 

2.71 

SD 

2.8 

30.3 

0.54 

0.09 

0.68 
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ve  Abundance  of  Birds  in  Three  Major  Feeding  Categories  at  the  Experimental  Site 


Feeding  Category 

Fish Tidal  Invertebrates Ground  Seed 

Individuals  Species  Individuals  Species  Individuals  Species 


1 


Table  49 

Feed! ng  Catego rles  and  Associated  B lrds  at 
F.xper imetital,  Reference,  and  Berm  Sites 


Common  Name 

Turkey  vulture 
Black  vulture 
Sharp-shinned  hawk 
Red- tailed  hawk 
Red-shouldered  hawk 
Merlin 
Marsh  hawk 
Barred  owl 
Great  horned  owl 

Plant  and  Animal  Lesser  scaup 

Sora 

Common  flicker 
Red-bellied  woodpecker 
Yellow-bel  1 ied  sapsuc.ker 
Mockingbird 
Brown  thrasher 
Common  crow 
American  robin 
Starling 

Yel low-rumped  warbler 
Common  grackle 
Rufous-sided  towhee 

Fish  Double-crested  cormorant 

Great  blue  heron 

Green  heron 

Great  egret 

Snowy  egret 

Louisiana  heron 

Black-crowned  night  heron 

Yel low- crowned  night  heron 

Common  merganser 

Bald  eagle 

Osp rey 

Great  black-backed  gull 
Ring-billed  gull 
Herring  gull 
Laughing  gull 
Bonaparte's  gull 
Least  tern 
Common  tern 
Forster’s  tern 

(Cont inued) 


Feeding  Type 

Warm  Prey  and  Carrion 


I'll* 


Table  49  (Continued) 


Food  t n^  Type 
Fish  (Continued) 


Tidal  Invertebrat 


Air  Insects 


Foliage  Insects 


Common  Name 

Caspian  tern 
Black  skimmer 
Belted  kingfisher 
Fish  crow 

Horned  grebe 
Buf  f lehead 
King  rail 
Virginia  rail 
Semipalmated  plover 
Ki  1 ldeer 

Black-bel 1 led  plover 
Ruddy  turns tone 
American  woodcock 
Common  snipe 
Upland  sandpiper 
Spotted  sandpiper 
Greater  yellow legs 
Lesser  yellowlegs 
Red  knot 

Pectoral  sandpiper 
Baird's  sandpiper 
Least  sandpiper 
Dun  1 in 

Short-b i 1 led  dowi teller 
S em ipa lma t e d sail d p i p e r 
Western  sandpiper 
Sander 1 ing 
Wilson's  phalarope 

Chimney  swift 
Eastern  kingbird 
Kmp idonax  flycatcher 
Eastern  wood  pewee 
Eastern  phoebe 
Barn  swallow 
Tree  swallow 
Bank  swallow 
Rough-winged  swallow 
Purple  martin 
Blue-gray  gnatcatcher 

Yellow-billed  cuckoo 
White-eyed  vireo 
Red-eyed  vireo 
Prothonotary  warbler 
Northern  parula 
Yellow  warbler 

(Cont inued) 


i 


. .. . ■■  ....  - 
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Table  49  (Concluded) 


Feed  Ins  Type 

Foliage  Insects  (Continued) 

Bole  and  Twig  Insects 


C round  Insects 


Loaves,  Roots,  and  Seeds 


Tree  Seed 


Ground  Seed 


Nectar 


Common  Name 

Yell ow- 1 hr oa t ed  warbler 
American  redstart 
Orchard  oriole 

Pi lea  ted  woodpecker 
Downy  woodpecker 
Carolina  chickadee 
Tu  f ted  t i tniouse 
Rubv-c r owned  kinglet 
Black  and  white  warbler 

Winter  wren 
Carolina  wren 
Long-billed  marsh  wren 
Louisiana  water thrush 
Kentucky  warbler 
Common  vellowthroat 

Whistling  swan 
Canada  goose 
Snow  goose 
Ma 1 lard 
Black  duck 
Pintail 

Blue-winged  teal 
American  wtgeon 
Wood  duck 
Redhead 
Canvasback 
American  coot 

Blue  jay 
Indigo  bunting 
Purple  finch 
Card ina 1 

Ame r i c a n go 1 d f i nc  h 

Bobwhite 

Rock  dove 

Mourning  dove 

Kod-w i nged  b 1 ackb i rd 

Savannah  sparrow 

Sharp-tai led  sparrow 

Field  sparrow 

White-throat e d s p a r r ow 

Swamp  sparrow 

Song  sparrow 

Snow  bunt ing 

Rubv-throa t ed  hummingb i rd 
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Table  50 


Foraging  Diversity  at  Experimental  Site,  Reference  Site, 
and  James  River  Berm 


Mean 

foraging  di- 

Mean 

foraging  di- 

Site : 

, vers: 

Number 

of 

ity  (species) 
SPP1 

versity  (indiv.) 

indiv . 

X 

Season* 

censuses  ^i 

total  spp 

SD** 

wi  ' 

total  indiv. 

SD 

Experimental  Site: 

1976  1 

1 

2.08 

— 

1.44 

— 

2 

2 

2.14 

0.31 

2.00 

0.25 

3 

3 

2.06 

0.56 

1.40 

0.16 

4 

6 

2.48 

0.40 

1.19 

0.33 

5 

2 

2.36 

0.23 

1.56 

0.46 

1977  6 

7 

2.03 

0.48 

1.42 

0.62 

1 

5 

2.27 

0.25 

2.13 

0.24 

2 

5 

2.18 

0.19 

1.58 

0.48 

3 

6 

2.14 

0.13 

1.73 

0.32 

X 

2.19 

1.61 

Reference 

Site: 

1976  5 

3 

1.56 

0.73 

0.54 

0.34 

6 

3 

1.66 

0.66 

0.92 

0.37 

1977  1 

2 

2.12 

0.88 

1.60 

0.64 

2 

1 

2.25 

— 

1.69 

— 

3 

3 

2.00 

0.42 

0.79 

0.43 

X 

1.92 

1.11 

James  River  Berm  Site: 

1976  2 

1 

2.52 

— 

2.45 

— 

3 

2 

1.91 

0.11 

1.95 

0.06 

4 

5 

2.20 

0.25 

1.99 

0.22 

5 

2 

1.94 

0.60 

1.83 

0.43 

1977  6 

2 

2.25 

0.46 

1.75 

0.13 

1 

2 

2.48 

0.34 

2.35 

0.28 

2 

1 

1.74 

— 

1.77 

— 

3 

3 

2.35 

0.13 

1.72 

0.74 

X 

2.17 

1.97 

*Season:  1 

=late  spring;  2=early  summer; 

3=late 

summer 

; 4=fall ; 

5 

=winter;  6=early 

spring 

**SD=standard  deviation 
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Table  SI 


t 


W 1 mlntl  1 1 t’o  i lit 

Kxperlment.il  Site  ami  Herr  lug  Creek 

Re  1 e retire  Site 

1977 

ll  l t\l  Nest  Dens  1 1 l e 

s 

Site 

■ * Speeies 

No. 

Nests 

Vegetation  Zone 

Area 

(ha.) 

Density  with- 
in Vegetation 
Zone  (per  ha.) 

Kxp 

Red-w  i lined 
b 1 aekb  i rd 

ll 

Sal  lx- A Inns 

0.  10 

310. 00 

Kxp 

Red  w 1 nil'll 
b 1 rti  k b 1 i\t 

2 

H ldens-Typha 

2.  IS 

0.91 

K.xp 

l.out’r  bill  eil 
marsh  wren 

*7 

Widens- Typha 

1.  IS 

0.91 

Kxp 

Ma  l lard 

*> 

Hidens-Typha 

2.  IS 

0.91 

K.xp 

Red  winded 
blaekblrd 

l 

Pan  le  uni  amarulum 

0.50 

2 . 00 

Kt*  1 

Red  w 1 u^ed 
t<  t aekb  1 I’d 

1 1 

Cepha  hint  bus 

0. 14 

1 S . SO 

Kt*  t 

l.onn- bill  ed 
marsh  wren 

l 

Cepha 1 ant hns 

0.14 

l . 14 

*Kxp  Kxper  I men  t a 1 ; K«'t  - Kelerenee 

22 S 


A 


Table  *».’ 


dumulat Ive  Similarity  between  Avifauna  at  t he  Kxpet  Intent  a l 
ami  Re  1 1'  rrivr  Sites,  aiul  t lu*  lames  River  Herm* 


Sit  i-m  t'emparcil 


Namin' r e t Hire's  Similarity 

Sadi'S  Shared  Coettlclcnt 


Kxpe  i 

i l im'iit  a 1 He  t e 

a e 

sice 

.’4 

0 . 

l-xpe  i 

i Intent  a 1 .lame 

M 

Rivet  He  fin 

14 

0.  18 

.lame: 

t Kivei  Herm 

Ke 

1 1 e retire 

lit 

0.4S 

*l'oinpa  v l sous  tnailc  only  I rent  latest  date  ot  establishment  ot  elthei  site 
as  a stuilv  area. 


Table  SI 


Seasi'tia  l 

S 1ml l a i 1 1 y bi 

tween  Av 1 1 anna  at 

t lie  l-.xpei  Intent 

nl 

ami  Ret 

eretire  S l t os  , l‘*7  / 

Number  ot 

Number  ot 

Species  at 

Spec  ( es 

Number  ol 

Hire's 

Kxpe r i men I a 1 

.at  Re  1 erence 

Spec l es 

Similarity 

Season 

Site  On  1 y 

Site  On  1 y 

Shared 

t'oo  l t 1 c 1 en t 

W lilt  ei 

18 

7 

t> 

0.  1.’ 

I'arlv  Spring 

» » 

8 

>) 

0.  17 

l.ate  Spring 

4 4 

t> 

1 

0.04 

Tai  Iv  Sumnu'i 

.■I 

4 

> 

0 . 1 4 

l.ate  Sttmmei 

18 

i) 

4 

0.  is 

.’.’'I 


Table  54 

Seasonal  Foragl ng  Similarity  between  Avifauna 
a t Experimental  a nJ  Reference  Sites,  19/7 


Season 

Feeding  Cate- 
gories at 
Experimental 
Site  Only 

Feeding  Cate- 
gories at 
Reference 

Site  Only 

Categories 

Shared 

Dice ' s 
Similarity 
Coefficient 

Winter 

3 

2 

4 

0.61 

Early  Spring 

2 

2 

5 

0.71 

Late  Spring 

3 

2 

5 

0.67 

Early  Summer 

4 

i 

4 

0.61 

Late  Summer 

4 

3 

4 

0.53 
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Table  55 

Description  ol  Sell  Sampling  Stations;  November  ll'/t> 


at  1 on* 

l.oeat  ton** 

Dose r 1 pt i on 

Wl’l 

150,400 

Mixed  grasses;  Panleum  spp.  predominates; 

adjacent  to  spillway  used  during  Island 

eonstruetlon;  supratldal  sand  soil 

WP2 

300,200 

Saglttarla  (Arrowhead)  and  Pont  ederla 

( PI ekere 1 weed  ) dominant  vegetation; 
regularly  Inundated,  water  logged  soils; 
dredged  material  origin;  silty  loam  soil 


WP3 

500,500 

Panleum  spp.  , dominant  vegetat Ion;  soil 

originating  t rom  dike  eonstruetlon; 

suprat l da  l sand  so  f l 

WP4 

525,000 

Ohenopodium  spp.,  Amarantha  dominant 

vegetation;  soil  originating  t rom  dike 

eonstruetlon;  supratldal  sand  soil 

WPS 

bOOO ,050 

Typha-lUdens  dominates  vegetation;  sand 

strata  at  15  em;  upper  soil  fine  silt  and 

etav;  dredged  material  origin;  some 

evidence  ot  dike  material  Intrusion; 

silty  loam  soil  in  top  layer 

WP6 

b 75,500 

Similar  to  WP5;  sandy  elav  loam  soil 

WP7 

925,350 

Similar  to  WP2;  silty  loam  soil 

WP8 

1000,050 

Interior  mudt  lat  ; dredged  material  origin 

with  areas  ot  mixing  with  dike 

eonstruetlon  materials;  loam  soil  outside 

areas  of  mixing 

WP9 

1 300 , 300 

Mixed  grasses  and  willows  predominate 

vegetation;  soil  of  dike  eonstruetlon 
origin;  site  ot  original  dredge  island; 
sand  soil 

flam l Inued) 


2d  1 


Table  55  (Concluded) 


Station 

Location* ** 

Peso  r ip  t 1 on 

DSPW  + 

(see  Figure 

Peltandra  (Arrow  arum)  with  some 

% 

G-37  ) 

Pontederia  ( Pickerelweed  ) dominant 

vegetation;  intertidal  soils  of 
predominately  silts  and  clays;  silty  clay 

soil 

PSTytt 

(see  Figure 

G-37) 

Similar  to  DSPW  except  Typha-Bldens 

plant  association;  higher  elevation; 

silty  clay  soil 

* WP  - Windmill  Point  (experimental  site):  DS  - Ducking  Stool 
Marsh  (reference  site) 

**  Coordinates  read  in  the  x,  y,  plane  and  correspond  to  the  scales 
marked  on  Figure  4ti 
t I’W  “ Pickerel  weed 
it  Ty  = Typha-Bldens 


> 10 


Table  56 

Core  Descript  Ions  for  the  Heavy  Metal  am!  Organochlorlne 
Sampling  Program;  October  197b 


St at  ion* 


Core  length** 
X (cm) 


Desc r i pt i on 


1 . 

WP-Mud  Flat 

24. S 

heterogeneous  soil; 

in  places. 

(23.8-25.2) 

predom i nat e 1 v grave  1 

; ot  hers  si  1 1 v — 

clay;  dark  gray,  no 

obvious  odor 

*> 

WP-PW 

24.8 

dark  gray-green;  silty-clay  with  plant 

(21.0-28.5) 

fragments  t hroughout 

; no  obvious  odor 

3. 

WP-Ty 

23.0 

similar  to  WP-PW 

(20.b-25.il) 

4. 

DS-Mud  Flat 

30.0 

dark  gray  to  black; 

silt  y-clav;  M_>S 

(2b. 5-33.0) 

odor  obvious;  some  1 

eaves  and  large  plant 

fragments  present 

*>. 

DS-PW 

28.  1 

similar  t o DS-Mud  FI 

at 

(2b. 0-30.0) 

t*. 

PNWR-Mud  Flat 

24.8 

dark  gray  to  black; 

siltv-clay;  highly 

(20.2-29.0) 

reduced  in  places;  1 

arge  dot rt t a 1-plant 

fragment s 

7 • 

PNWR-PW 

25.5 

similar  to  PNWR-Mud 

Flat;  more  detrital 

(20.5-33.2) 

mater i a 1 

8. 

PNWR-Ty 

14.7 

same  as  above 

( 12. 8- lb. 4) 

* Legend;  Wl’  = Windmill  Point  (experimental  site) 

OS  = Ducking  Stool  Marsh  (reference  site) 
PNWK  “ Presqui le  National  Wildlife  Kefuge 
PW  - Pickerel  Weed 
Tv  ■ Typha-Bldens 

**  Nos.  in  parenthesis  indicate  the  Range;  N - 5 


233 
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Tab  1 o S7 


So ( 1 s P 

art  f o le  Size 

Ana  1 yses ; 

Novombe  r 

10  76 

X in  c 

1 ass 

St  at l on* 

Orave  1 
( ->  2 mm) 

Saiul 

(2-0.062 

mm) 

Satul  / grave 
(•>0.062 
mm ) 

■i 

Si  1 1 
(4-8) 

Olay 
( <8) 

Silt /Olav 
( 4 — < 8 ) 

Wl’  l-Top 

l . 40 

72.70 

74.10 

17.03 

8.8  7 

25.00 

Bot t om 

8.71 

4 6 . 7 o 

55.68 

30 . 5 1 

1 3.84 

44.  35 

WP2-Top 

1.25 

14.62 

15.86 

65.48 

18.66 

84.14 

Bot  t om 

0.00 

18.48 

18.48 

55.05 

26.48 

81 . 53 

Wl*  3-Top 

22.7  3 

7 l . 60 

04.42 

1 .41 

2 . 38 

3.  70 

Bot t om 

17.22 

7 3 . 46 

00. 60 

3.33 

5.08 

0.31 

WP4-Top 

22.00 

74.67 

Ob.  66 

0.  30 

2 . 0 5 

3. 34 

Bot t om 

5 . 60 

70.77 

85.37 

0.51 

14.1  2 

14.63 

Wl’ 5-Top 

1.12 

22.07 

2 l.  10 

55.04 

20.87 

76.81 

Bot  t om 

5 1 . 88 

1 1 . SO 

65.  38 

22. 58 

1 2 . 04 

34.62 

Wl’b-Top 

in.  32 

45.0S 

61  . 17 

22.84 

15.78 

38.62 

Bot  t om 

1 .52 

25.88 

2 7 . 40 

50.  14 

1 3 . 4 b 

72.60 

WP7-Top 

0.6  7 

18.88 

10.54 

61.62 

1 8 . 84 

80.46 

Bo  1 1 om 

l . 00 

10.  34 

1 1 . 34 

37.04 

51.62 

88.66 

Wl'S-Top 

t.  70 

28.03 

32.7  3 

44.06 

23.21 

67.27 

Bot  t out 

0.00 

1S.S4 

15.54 

43.15 

41.  31 

84.46 

WPl>- Top 

2.43 

0 1 . 6 1 

04.05 

l . 1 1 

4 . 84 

5.  os 

Bot t om 

1 6 . 2 2 

78.  50 

04.72 

1 . 35 

3.0  3 

5.28 

nSPW-l'op 

0.  ss 

13.27 

1 3.82 

38.88 

47.  30 

86.18 

Bot t om 

0 . 00 

S . 4 (> 

5.46 

45.  31 

40.2  3 

04 . 54 

OS Tv- Top 

l . 2‘) 

2 1 . 60 

22 . 80 

45. 66 

31  .45 

77.11 

Bot t om 

1 . b0 

27.25 

28.85 

32.87 

38.28 

71.15 

* See  Table  55  for  station  description. 


Soils  Physical  Measures;  November  1976 


Stat ion* 

pH** 

Mo  1 st  lire** 
(*DW) 

Sa 1 1 n 1 1 v 1 
(g/lOOg  DW) 

Volat t les  1 
(tDW) 

Carbon 

(jtnw 

Wl’  1 -Top 

7.02 

31.02 

0.  IS9 

2 . S 

0.64 

Hot  t ora 

7.23 

4a  .91 

0.208 

4 . 3 

1.22 

Wl’J-'l'op 

o . 90 

l 12.  IS 

0.  S48 

7.9 

4 . 42 

Hot  t om 

n.82 

9S.68 

0.740 

8 . S 

— 

WPJ-Top 

7.  IS 

7.02 

0.  110 

0.3 

0.07 

Hot  t om 

7.30 

12.91 

0.  100 

0.2 

0.09 

Wl’-t-'I'op 

7.20 

8.  12 

0.312 

0.3 

0.08 

Hot  t om 

7 .4S 

8 . 80 

0.332 

0.2 

0 . 04 

WPS -To  p 

6.77 

7S.  12 

0.282 

7 . S 

3.17 

Biit  t om 

6.78 

78.19 

0 . 484 

7 . S 

1.81 

Wl’t'-Top 

6.96 

S 9 . 2 l 

0.371 

3.3 

2.3S 

Hot  t om 

7.19 

71.62 

0 . 944 

s.2 

1.98 

Wl’7-Top 

7.18 

l 10.84 

l' . 444 

9.9 

4.24 

Hot  t om 

7.22 

104.49 

1.024 

10.3 

— 

Wl’S-Top 

7.27 

1 IS. 99 

0.24  3 

10.2 

1.81 

Hot  t om 

7.27 

102.42 

0.362 

9.2 

— 

Wl'9-Top 

S . 7 3 

S . 6 1 

0. 14  S 

0.3 

0.  10 

Hot  t om 

S .83 

(' . 96 

0.124 

0.4 

0.01 

nsi*w-Top 

7.00 

1 8 S . 60 

0.084 

13.7 

6.07 

Hot  t om 

6.78 

98 . 80 

0.094 

9.6 

2 . 34 

DSTy-Top 

6.02 

264.37 

0.100 

20.9 

7.ss 

Hot  t om 

6.10 

217.46 

0.26S 

21.0 

24.14 

* See  Table  SS  tor  station  description. 
**  mean  ot  three  replicates, 
f mean  ot  two  replicates. 


Tab  1 e 59 


Soils  Total  N1 1 re  gen  aiul  K.xrhangeab  lo  Nutrients; 
November  1976  (all  values  as  tij^  x ^ ' OW ) 


St  at  ion* 

TKN 

NOl 

NH4 

TON** 

TN  + 

P 

K 

Wl’l -Top 

1326. 

0.  134 

7.26 

1319. 

1326. 

253. 

8.08 

Hot  t on 

1203. 

ft 

10.03 

119  3. 

(1203.) 

— 

24.2 

WV 2-Top 

2 360 . 

0.  113 

74.3 

2286. 

2 360 . 

1250. 

20 . 6 

hot  t otn 

1690. 

0 . 1 40 

9 2 . 6 

1398. 

1690. 

1286. 

— 

WP  1-Top 

46.2 

0.079 

1.31 

44.9 

46.3 

47.5 

13.  3 

Hot  tom 

48.9 

0.452 

0.67 

48.2 

49 . 4 

47.5 

11.2 

WP4-Top 

8 3 . 2 

0.41  1 

1.98 

81.2 

83.6 

47.5 

9 . 20 

Hot  t om 

19.9 

0.219 

0 . 39 

19.3 

20 . 1 

43.8 

5.15 

WPS -Top 

2080 . 

— 

16.8 

2062. 

(2080.) 

790 . 

60.0 

Hot  t om 

1486. 

— 

13.8 

1470. 

(1486.) 

— 

26.3 

WPb-Top 

1 380. 

0.137 

24.3 

1 336. 

1380. 

741 . 

29.8 

Hot  t om 

IS  30. 

— 

25.0 

1303. 

(1530.) 

1246. 

— 

WP7- Top 

1730. 

— 

82.6 

1647. 

( 1 7 30  . ) 

1075. 

80.8 

Rot  t om 

1080. 

0.112 

278. 

2802. 

3080 . 

1328. 

0.0 

Wl'S-Top 

2379. 

3.273 

122. 

2437. 

2584. 

1 209 . 5 

68.5 

Rot  tom 

2232. 

0.112 

277. 

1973. 

2252. 

1472.1 

— 

WPS -Top 

112. 

0.980 

1.32 

111. 

11  1. 

96.9 

38.0 

Rot  t om 

99 . 3 

0.3  1 

0 . 60 

98.9 

99.6 

— 

37.4 

DSPW-Top 

32  32. 

0.728 

86.2 

3171 . 

12  38. 

536. 

60.5 

Hot  tom 

1 709 . 

0.  173 

89 . 2 

1620. 

1709. 

353. 

21.6 

OSTy-Top 

7 380. 

l .071 

16.2 

7564. 

7381 . 

928. 

220. 

Hot  t om 

3710. 

0.141 

10.2 

5700. 

3710. 

584 . 

9 3.0 

* See  Table  35  for  station  lieScriptiotl > 

**  TON  - (TKN  - Nil*);  Total  Organ ie  Nitrogen 
+ TN  * (TKN  + N07j)  Total  Nitrogen;  ( ) “ NO  ^ not  included  for 

ealculat ion 

1 *■  No  entry  ( ) indicates  sample  exhausted  by  time  of  analysis 


23b 


Table  60 

Sol  Is  Cation  Exchange  Capacity  (CEC)  and  Cation  Exchange 
Status  (CKS);  November  .1976  (All  values  as  meg  x 100  gl)W  ') 


Stat ion* 

CEC 

Fe 

Mn 

Na 

K 

Ca 

Mr 

H** 

WPl-Top 

21.0 

0.090 

0.042 

0. 11 

0.021 

0.271 

0.024 

20.  7 

Bottom 

22.3 

0.053 

0.250 

0.18 

0.062 

0.816 

0.207 

20.7 

WPl-Top 

43.2 

0.087 

0.268 

1.06 

0.053 

0.085 

0.  300 

41.3 

Bottom 

30.  32 

0.058 

0.199 

1 

— 

— 

— 

— 

WP 3-Top 

14.4 

0.070 

0.019 

0.37 

0.034 

0.276 

0.093 

13.5 

Bottom 

12.5 

0.004 

n.d. ft 

0.28 

0.029 

0.189 

0.068 

11.9 

WP4-Top 

16.0 

0.014 

n.d. 

1.59 

0.024 

0.216 

0.029 

14.1 

Bottom 

9.0 

0.010 

n.d. 

n.d. 

0.008 

0.252 

0.017 

8.  7 

WP5-Top 

33.9 

n.d. 

n.d. 

0.82 

0.151 

2.06 

0.590 

30.3 

Bottom 

32.  1 

n.d. 

0. 147 

1.57 

0.067 

n.d. 

0.202 

30.1 

WP6-Top 

30.5 

n.d. 

n.d. 

0.94 

0.076 

0.077 

0.155 

29.3 

Bottom 

37.5 

0.042 

n.d. 

— 

— 

— 

— 

— 

WP  7-Top 

41.4 

0.021 

0.038 

0.32 

0.207 

3.48 

1.37 

35.9 

Bottom 

94.79 

0.560 

0.645 

— 

— 

— 

— 

— 

WP8-Top 

47.7 

0.093 

0.037 

1.45 

0.175 

0.533 

0.503 

44.9 

Bottom 

44.74 

n.d. 

n.d. 

— 

— 

— 

— 

— 

WP9-Top 

17.0 

0.010 

0.016 

0.79 

0.097 

0.642 

0.319 

15.1 

Bo  1 1 om 

18.6 

0.110 

0.032 

0.51 

0.048 

0. 123 

0.081 

17.8 

DSPW-Top 

67.3 

n.d. 

n.d. 

1.17 

0.155 

2.66 

0.634 

62.7 

Bottom 

54.1 

0. 164 

0.022 

0.90 

0.055 

2.185 

0.215 

50.6 

DSTy-Top 

64.5 

0.119 

0.080 

1.94 

0.562 

7.35 

1.72 

52.7 

Bottom 

39.6 

0.045 

n.d. 

n.d. 

0.238 

4.93 

1.26 

39.3 

*See  Table  55  for  station  descriptions. 

**H  = exchangeable  hydrogen  = CF.C-(Fe  + Mn  + Na  + K + Ca  + Mg)  (See  Toth 


and  Ott  1970) . 

f-  No  entry  indicates  sample  exhausted  by  time  of  analysis. 
t+  n.d.  = below  detection  limits. 
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Table  61 

Qualitative  Compar Ison  of  Cation  Exchange  Sta tus  for 
Soils  (0  to  15  cm) 

CES**  " 


Stat ion* ** 

Dose r Ipt ion 

(meq/lOOg  DW) 

Wl'l 

Dike 

Ca 

> 

Na 

> 

Fe 

> 

Mg  > Mil 

> K 

WP3 

Dike 

Na 

> 

Ca 

> 

Mg 

> 

Fe  > K > 

Mn 

WP4 

Dike 

Na 

> 

Ca 

> 

Mg 

> 

K > Fe 

WP9 

Dike 

Na 

> 

Ca 

> 

Mg 

> 

K > Mn  > 

Fe 

WP5 

Typha-Bidens 

Ca 

> 

Na 

> 

Mg 

> 

K 

WPh 

Typha-Btdens 

Na 

> 

Ca 

> 

Mg 

> 

K 

WP2 

Pickerelweed 

Ca 

> 

Mg 

> 

Na 

> 

K > Mn  > 

Fe 

WP7 

Pickerel weed 

Ca 

> 

Mg 

> 

Na 

> 

K > Mn  > 

Fe 

WP8 

Pickerelweed 

Ca 

> 

Na 

> 

Mg 

> 

K > Fe  > 

Mn 

(non-vegetated) 

DSPW 

Pickerelweed 

Ca 

> 

Na 

> 

Mg 

> 

K > Fe  > 

Mn 

DSTy 

Typha-Bidens 

Ca 

> 

Mg 

> 

K > 

Fe 

* See  Table  55  for  station  descriptions. 

**  If  a cation  species  is  omitted  *»  below  detection  limits. 
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Table  62 


SoilSj^ 

ExchanReable  Zn,  Cu, 

and 

Ni;  November  1976 

(All  values  as  meq  x 

100 

RDW-1) 

Station* 

Zn 

Cu 

Ni 

WP1  - 

Top 

n.d.** 

0.0003 

n.d. 

Bottom 

n.d. 

0.0003 

n.d. 

WP2  - 

Top 

n.  d. 

0.0007 

0.0004 

Bottom 

n.d. 

n.d. 

0.0012 

WP3  - 

Top 

0 . 044 

0.002 

n.d. 

Bottom 

0.006 

0.0001 

0.0001 

WP4  - 

Top 

0.001 

n.d. 

0.0001 

Bottom 

n.d. 

0.0001 

n.d. 

WP5  - 

Top 

n.d. 

0.0006 

0.0005 

Bottom 

0.002 

0.0002 

n.d. 

WP6  - 

Top 

0.002 

n.d. 

n.d. 

Bottom 

0.001 

0.0008 

n.d. 

WP7  - 

Top 

n.d. 

n.d. 

0.0002 

Bottom 

n.d. 

0.0007 

0.0005 

WP8  - 

Top 

n.d. 

n.d. 

0.0003 

Bottom 

0.009 

n.d. 

0.0003 

WP9  - 

Top 

0.001 

n.d. 

0.0007 

Bottom 

0.002 

0.0001 

0.0011 

DSPW 

- Top 

0.288 

0.0006 

n.d. 

Bottom 

0.006 

0.0004 

n.d. 

DSTy 

- Top 

0.021 

0.0003 

0.0021 

Bottom 

0.006 

0.0004 

0.0006 

* See  Table  55  for  station  descriptions. 

**n.d.  = below  detection  limits. 
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Table  63 

eH  and  pH  data  for  June  1977  Sampling 


Temp.  Core 

Length 

eH  (mV) 

pH 

(in  water) 

Stat ion* 

(°c) 

(cm) 

1 cm 

5 cm 

10  cm 

1 5 cm 

20  cm 

top  bottom 

WP1 

27 

30 

196 

197 

199 

200 

199 

6.7 

6.7 

WP2 

31 

30 

191 

185 

187 

193 

170 

6.8 

7.0 

WP3 

26.7 

15 

180  ■ 

-400 

-380 

6.7 

6.8 

WP4 

32 

25 

172 

200 

200 

200 

185 

6.7 

6.8 

WP5 

19 

202 

200 

200 

200 

6.6 

6.6 

WP6 

27 

30 

50 

100 

90 

120 

100 

7.1 

7.1 

WP7 

30 

185 

187 

190 

190 

182 

6.9 

6.9 

WP8 

28 

26 

187 

177 

170 

170 

174 

6.8 

6.9 

WP9 

(not 

measured  dry) 

6.5 

6.8 

DSPW 

10 

198 

196 

6.4 

DSTy 

17 

197 

190 

196 

6.3 

* See  Table  55  for  station  description. 
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Figure  4.  Location  of  replicate  samples  at  the  experimental  site,  July  1976 


Figure  8.  Location  of  replicate  samples  at  the  experimental  site,  July  1977. 
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Figure  14.  (Continued). 
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Figure  14.  (Continued) 
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Figure  IS.  Mean  and  9SX  confidence  intervals  of  percent  detritus, 
total  solids,  and  volatile  solids  by  stratum  and  sampling  period 

( Cont inued ) . 


Figure  15.  (Continued) 
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Figure  17.  Mean  and  8U£  confidence  intervals  of  the  density  of  the 
oligochaete  Li mnodr i 1 us  hoffmeisteri  by  stratum  and 
sampling  period. 
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Figure  18.  Mean  and  601  confidence  intervals  of  the  density  of  the 
oligochaete  I lyodri lus  templetoni  by  stratum  and 
sampl i ng  per iod . 
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Figure  19.  Mean  and  80t  confidence  intervals  of  the  density  of  the 
oligochaete  Branch i ura  sowerbyi  by  stratum  and 
sampling  period. 
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Figure  21.  Percent  composition  of  biomass  by  dominant  taxa  for 
each  sampling  period. 
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Figure  22.  Estimated  annual  production  in  major  habitats  as  contributed 
by  major  macro  faunal  and  mpio faunal  taxa. 


Figure  2S.  Vegetation  types  and  botanical  sampling  zones  at  the 
reference  site,  June-August  1177. 
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Figure  29.  Beggar  ticks  zone,  27  June  1977 
Note  muskrat  lodge  in  center. 
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Figure  30.  Panic  grass  zone,  23  June  1977.  Panic  grass  is  in  p 

center,  with  beggar  ticks  at  left  and  remnants  of  threesquare 
and  cordgrass  plantings  at  upper  right 


Figure  31.  Low  marsh  zone,  19  May  1977.  Arrow  arum  and 
pickerelweed  are  the  dominant  species. 
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Ili  m 

ure  32.  High  marsh  zone.  Top  picture  was  taken  14  May  1477;  bottom 
picture  of  same  location  was  taken  three  months  later.  loss  ot 
vegetation  was  due  to  insects.  Cage  exclosure  was  unsuccessful  Iv 
used  to  determine  animal  grazing  pressures. 


Figure  33.  W i rul  damage  in  beggar  ticks  zone 


Figure  34.  Beggar  ticks  zone,  2b  July  1977 
Recent  muskrat  "oat-out." 
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Figure  35.  Beggar  ticks  zone,  26  July  1977.  Old  muskrat  "eat-out 
being  revegetated  by  rice  cutgrass. 


Figure  36.  Elevation  ranges  of  plant  zones  samples. 
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1977  NESTS  AT  HERRING  CREEK  REFERENCE  SITE 
AND  JAMES  RIVER  BERM 


(1  o L-bmw 

XJ>  ° 3, 


& 


* = NEST  CONTAINED  EGGS 
OR  NESTLINGS 
o = EMPTY 

L-bmw  = LONG-BILLED  MARSH  WREN 
W-ev  = WHITE-EYED  VIREO 

? = SPECIES  UNKNOWN,  ALL  OTHER  NESTS  ARE 
RED -WINGED  BLACKBIRDS 


DUCKING  STOOL  POINT,  VIRGINIA  I 1 

SHORELINE  AND  MAJOR  CHANNELS  Scales 

Figure  39.  1977  nest  locations  at  the  Herring  Creek 

reference  site  and  the  James  River  Berm. 


* 


* 


Figure  40.  Muskrat  lodge  locations  at  the  Windmill  Point 
experimental  site. 
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Figure  41.  Mean  seasonal  density  of  birds  at 
Windmill  Point  experimental  site. 
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MEAN  SEASONAL  DIVERSITY  ( H‘)  AT  EXPERIMENTAL  SITE, 
REFERENCE  SITE,  AND  JAMES  RIVER  BERM 
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Figure*  42.  Mean  seasonal  diversity  (H')  at  the  experimental  and 
reference  sites  and  the  James  River  Berm. 
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Figure  44.  Foraging  diversity  at  the  experimental  and 
reference  sites  and  the  James  River  Berm. 
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Figure  4b.  Soil  sampling  stations  at  the  reference  site. 
(See  Table  55  for  descriptions). 


K igure  4 7 . 


Si'il  sampling  stations  at  t ho  rotoronoo  site, 
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I See  Table  SS 
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Figure  48 . Correspondence  between  soil  silt-clay  fraction  and  moisture 
volatiles  and  organic  carbon  content  of  experimental  and  reference 
site  soils.  Open  circles  indicate  top  soil  subsample;  solid  circles 
indicate  greater  than  lb  cm  sub  samples. 
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Figure  49.  Soil  1 volatiles  vs.  % organic-carbon  for 
the  experimental  and  reference  sites. 
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Virginia  Institute  ot  Marliu*  Science,  C 1 muvst  er  Point. 

Habitat  development  field  investigations.  Windmill  Point 
marsh  development  sit*-,  lames  River,  Virginia;  Appendix  0: 

Env Ironmenta l impacts  ot  marsh  development  with  dredged 
material:  Botanv,  soils,  aquatic  biology,  and  wildlife  / by 
Virginia  Institute  ot  Marine  Science,  C,  loucester  Point,  Vu. 
Vicksburg,  Miss.  : l’ . S.  Waterways  Kxperiment  Station  ; 
Spring!  iold,  Va.  available  from  National  Technical  Informa- 
t Ion  Serv  ice  , 19  78. 

29 2 p.  : III.  : 27  cm.  (Technical  report  - P.  S.  Armv  Engi 
neer  Waterwavs  Experiment  Station  ; 0-77-2',  Appendix  0) 
Prepared  lor  Oft  ice,  Chiet  ot  Engineers,  P . S.  Armv,  Wash- 
ington, 0.  C.,  under  Contract  No.  PACW  l9-7b-C-0040  (OMKP  Work 
Unit  No.  -Alii' 

Appendices  A * — i’  * on  microfiche  in  pocket. 

References:  p.  128-134. 

1.  Dredged  material.  2.  Ecology.  1.  Environmental  effects. 
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APPENDIX  A' 


SEDIMENT  PARAMETERS  FROM  MACROBENTHIC 
SAMPLING  LOCATIONS 


i-Ty 


Table  Al 


Sediment  Parameters  from  Macrobenthic 


Sampling  Locations, 

July  1976 

Stratum/ 

7c  Total  “ 

\ Volatile 

Replicate 

% Sand 

7,  Silt 

7o  Clay 

7o  Detritus 

Solids 

Solids 

R1  - 1 

0 

74.87 

25.11 

23.36 

27.41 

55.47 

2 

0 

51.54 

48.45 

21.79 

31.41 

18.64 

3 

0 

79.26 

20.73 

20.60 

24.80 

24.70 

4 

0 

74.62 

25.37 

21.26 

25.91 

22.65 

5 

0 

71.81 

27.99 

21.30 

19.73 

29.74 

6 

0 

73.57 

26.42 

27.84 

17.49 

32.05 

7 

— 

— 

— 

23.83 

28.37 

8 

0 

78.58 

21.41 

27.79 

21.09 

30.55 

R2  - 1 

0 

84.22 

15.77 

4 . 64 

34.83 

17.19 

2 

0 

76.49 

23.50 

16.16 

24.56 

17.44 

3 

0 

84.42 

15.53 

12.40 

31.55 

16.50 

4 

0 

73.45 

26.54 

9.33 

27.82 

14.71 

5 

0 

80.59 

19.40 

14.11 

29.43 

18.48 

6 

0 

81.97 

17.93 

21.97 

28.74 

16.93 

7 

0 

77.61 

22.38 

14.79 

38.58 

19.63 

8 

0 

79.36 

20.63 

25.30 

31.54 

19.72 

R3  - 1 

0 

57.56 

42.43 

16.93 

51.56 

15.88 

2 

0 

87.57 

12.42 

3.53 

29.54 

8.49 

3 

0 

81.12 

18.87 

11.09 

38.66 

14.30 

4 

0 

81.64 

18.35 

20.66 

26.71 

15.81 

5 

0 

91.22 

8.77 

12.21 

36.22 

19.26 

6 

0 

84.87 

15.12 

16.69 

32.38 

16.73 

7 

0 

70.47 

29.52 

11.21 

33.92 

57.20 

8 

0 

82.09 

17.90 

14.28 

24.67 

14.81 

R4  - 1 

0 

90.81 

9.18 

17.19 

39.22 

38.97 

2 

0 

86.59 

13.41 

7.50 

27.65 

14.29 

3 

0 

74.97 

24.03 

13.62 

32.69 

16.15 

4 

0 

93.78 

6.21 

15.53 

— 

— 

5 

0 

87.23 

12.76 

7.86 

29.16 

14.37 

6 

0 

81.52 

18.47 

9.36 

20.66 

13.19 

7 

0 

80.69 

19.30 

12.21 

41.25 

13.40 

8 

0 

91.08 

9.91 

9.66 

30.00 

12.42 

R5  - 1 

99.31 

0.68 

0.0 

86.69 

0.53 

2 

99.37 

0.62 

0.0 

85.64 

5.58 

3 

100.00 

0.00 

0.0 

93.36 

2.53 

4 

99.54 

0.44 

0.0 

84.05 

0.55 

5 

99.95 

0.04 

0.0 

90.54 

0.31 

6 

99.61 

0.38 

o.o 

76.11 

0.50 

(Continued) 
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Table  A1  (Continued) 


Stratum/ 

Replicate 

7o  Sand 

% Silt 

1 Clay  7 

o Detritus 

" % Total  7 
Solids 

o Volatile 

Solids 

R5 

- 7 

99.93 

0.06 

0.0 

84.37 

0.21 

8 

100.00 

0.0 

0.0 

91.80 

0.64 

El 

- 1 

o.o 

56.00 

44.00 

87.23 

61.04 

_ _ _ 

2 

0.0 

87.22 

12.77 

9.93 

42.42 

16.24 

5 

81.66 

12.73 

5.59 

2.01 

— 

— 

6 

0.0 

89.02 

10.97 

12.97 

40.65 

14.43 

7 

0.0 

84.51 

15.48 

21.22 

45.91 

18.24 

8 

o.o 

89.84 

10.15 

6.44 

45.10 

12.77 

E2 

- 1 

o.o 

83.28 

16.17 

14.84 

42.53 

15.05 

2 

74.64 

20.05 

5.29 

0.0 

49.19 

11.26 

3 

— 

— 

— 

— 

52.50 

10.22 

4 

O.o 

84.65 

15.34 

24.65 

40.67 

11.94 

5 

O.o 

86.17 

13.81 

25.81 

— 

— 

6 

O.o 

82.45 

17.54 

18.55 

41.89 

11.19 

7 

. 

— 

— 

— 

50.04 

22.56  v 

8 

0.0 

85.21 

19.92 

15.25 

39.05 

11.62 

E3 

- 1 

0,0 

86.46 

13.53 

27.07 

41.85 

17.69 

2 

0.0 

88.51 

11.48 

42.40 

50.09 

9.53 

3 

o.o 

93.75 

6.16 

23.44 

42.26 

13.08 

4 

o.o 

77.15 

22.84 

23.25 

48.64 

11.71 

5 

o.o 

77.61 

22.38 

26.37 

41.73 

14.46 

6 

o.o 

98.15 

1.82 

19.44 

41.08 

13.94 

7 

0.0 

80.20 

19.64 

15.68 

41.86 

12.49 

8 

0.0 

88.61 

11.30 

24.85 

43.32 

15.38 

E4 

- 1 

0.0 

81.41 

18.58 

27.99 

44.65 

24.53 

2 

o.o 

77.54 

22.45 

31.39 

60.19 

8.51 

3 

25.40 

62.41 

12.18 

0.0 

48.96 

9.54 

4 

0.0 

94.96 

5.03 

24.65 

44.11 

11.39 

5 

28.68 

54.18 

17.12 

3.15 

42.60 

11.38 

] 

6 

53.89 

19.46 

26.64 

0 . 0 

57.69 

7.08 

7 

99.20 

0 

79 

o.o 

83.91 

0.38 

8 

22.21 

67.98 

9.80 

6.59 

49.38 

12.08 

E5 

- 1 

57.32 

37.19 

5.44 

o.o 

65.78 

3.49 

2 

88.04 

9.94 

1.99 

o.o 

84.52 

0.41 

3 

98.93 

1 

06 

1.68 

— 

— 

4 

51.85 

43.48 

4.65 

0-0 

65.38 

3.13 

5 

66.22 

31.29 

2.47 

o.o 

66.54 

3.92 

6 

99.57 

0 

42 

0 . o 

80.77 

0.67 

7 

35.79 

61.95 

2.25 

0-0 

59.69 

6.40 

8 

45.18 

52.53 

2.27 

0.46 

68.13 

5.84 

(Continued) 
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Table  Al  "(Cone  1 luli'ii) 


Stratum/ 
Reel  irate 

c-S 

13 

r' 

J 

Z Silt 

Z Clay  “ 

Detritus 

7 Total 
Sol i Os 

1 Volat n 
Sol  i ils 

Kb 

- 1 

b 3 . 1 l 

33.92 

2.9b 

0.0 

68.46 

11.84 

3 

0.  0 

82.23 

17.7b 

24.87 

— 

— 

4 

53.  52 

43.80 

2 . b4 

0.  0 

74.13 

3.24 

7 

80.02 

17.80 

2.15 

0.0 

74.01 

3 . 3 b 

8 

45.38 

49.70 

4.91 

0.0 

58.  bl 

7 . 8b 

E7 

- 1 

99 . 70 

0.29 

0.0 

88.50 

3.04 

2 

99 . 50 

0.49 

0.0 

81.45 

0.64 

3 

98 . 38 

1 .b0 

0.0 

87.53 

3.09 

4 

1 00 . 00 

0.00 

0.0 

92.56 

2.07 

3 

99.83 

0.  lb 

0.0 

85.29 

0.44 

b 

9b . 38 

3.bl 

o.o 

0.0 

0.0 

7 

98 . 88 

1 . 1 l 

o.  o 

8b.  27 

0.4  b 

8 

99.77 

0.22 

0.0 

o.o 

o.o 

Tub  If  A7 

S<>tl  i nw'nt  I’.u  nuwt  «‘t  :•  Mom  Map  M'l'i'iv  ( ti  I v’ 
Samplin'!  l.ouations,  Novombui  1 11  / o 


St  r 

at 

llll) 

Total 

\\<1 

at  11 

Kup 

1 i 

r.it  r 

Sami 

z s 

i It 

i:i 

ay 

Out 

I-  t t IIS 

So 

1 (Os 

Sul 

(Os 

K l 

1 

0.0 

0 1 

. 0.', 

it. 

08 

<4 

88 

1 1 

0 1 

70 

8 1 

• » 

0. 0 

88 

. 04 

14 

08 

8 1 

00 

10 

7 7 

1 7 

84 

7/ 

.80 

ti 

8 7 

1 1 

18 

1 1 

17 

1 7 

00 

S 

i .40 

75 

.01 

1 

48 

1 

78 

8 8 

01 

10 

74 

s 

o.  o 

84 

. 0 ' 

1 8 

U> 

1 1 

40 

1/ 

70 

10 

/ 1 

R7 

_ 

1 

0.0 

88 

.01 

1 1 

08 

l 8 

07 

17 

00 

1 8 

10 

• 1 

0.0 

88 

. 00 

1 1 

00 

08 

78 

l 7 

14 

00 

1 

O.o 

70 

. 4 1> 

7 1 

8 1 

t 8 

78 

78 

8 1 

•>  •> 

4 7 

0 . o 

7 7 

.07 

1 \ 

17 

7 1 

7/ 

77 

14 

00 

*1 

O.o 

88 

. 40 

1 1 

t.O 

1 1 

04 

1 1 

/ * » 

/ . 

18 

4 8 

/ 

0.0 

8 1 

. 80 

Is 

10 

17 

8 7 

18 

1 7 

18 

11 

s 

0 . 0 

80 

.40 

1 8 

80 

10 

'»  > 

10 

00 

70 

('8 

K 1 

_ 

l 

0 . 0 

80 

. 7 8 

10 

/I 

10 

/ 8 

70 

8 7 

14 

1 1 

•> 

0 . 0 

80 

. 1/ 

10 

8 8 

8 

84 

11 

0‘) 

14 

OS 

l 

0 . 0 

80 

. .’o 

10 

/ 1 

8 

88 

70 

78 

1 1 

87 

4 

0 . 0 

0.* 

. 8 7 

s 

4 7 

/ 

0 1 

7 1 

89 

s 

1 1 

8 

0 .0 

0 1 

. 0.' 

8 

0/ 

‘> 

4 7 

28 

08 

1 1 

87 

l> 

0 . 0 

i)  > 

. v.’ 

7 

/ f 
/ 

8 

10 

70 

8 1 

18 

17 

J 

0 . 0 

/O 

.4  8 

:’o 

84 

18 

00 

70 

10 

t 8 

0 1 

s 

0 . 0 

80 

.40 

10 

80 

to 

10 

78 

10 

14 

(0) 

K 4 

1 

. 0 

84 

. /I 

1 8 

70 

l / 

70 

7 1 

77 

70 

70 

1 

O.o 

8S 

. 1 7 

14 

87 

70 

4 4 

i ; 

1 1 

■>  •> 

4 8 

t 

o . 0 

So 

.0  l 

1 1 

08 

lo 

/ 1 

78 

1 8 

80 

4 

0 .0 

88 

. 18 

1 1 

/<« 

14 

1/ 

70 

07 

14 

11 

s 

0.0 

00 

. 18 

0 

0 1 

a 

00 

10 

/ / 

1 1 

0 1 

<1 

0 .0 

80 

. 1/ 

to 

88 

8 

74 

87 

10 

17 

10 

J 

0 . 0 

0] 

. 46 

8 

8 1 

0 

4 8 

1 1 

00 

17 

78 

8 

0 .0 

00 

. 70 

0 

78 

10 

70 

1 1 

04 

17 

0 1 

K‘< 

... 

t 

‘HI . S 1 

0. 

18 

0 

. 0 

11 

lo 

0 

74 

•) 

')  / tjp 

•> 

08 

0 

.0 

88 

0 1 

0 

00 

1 

. so 

0. 

10 

0 

. 0 

87 

7 7 

0 

•44 

4 

00.80 

0. 

10 

0 

.0 

88 

81 

0 

17 

8 

00  . / 

0. 

4 7 

0 

. 0 

8 7 

40 

0 

41 

0 

00 . 0 1 

0. 

08 

0 

. 0 

80 

lo 

0 

7 I 

7 

00 . 0 \ 

0. 

0t> 

0 

.0 

8 1 

7(i 

0 

17 

s 

00. 0 1 

0. 

08 

0 

.0 

88 

88 

0 

7 7 

>H  1 I lull'll  1 
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ra L>1«‘  A 2 (Com*  1 lult'il) 


Stratum 

XTotal T 

Vol , 

it  lit' 

Kt'p  1 

i tat  e 

X Satul 

Z Silt 

% c 

lay 

7,  Oft 

r i t us 

Solids 

So  lids 

K 1 - 

1 

0.0 

02 

. 78 

7. 

20 

14 

.43 

38 

. 35 

17 

18 

■> 

70.68 

24 

.81 

4, 

52 

0 

. 0 

60 

. 56 

10 

95 

\ 

0.0 

8 5 

. <8 

14 . 

58 

28 

. 12 

38 

. 54 

16 

91 

4 

0.0 

84 

. 95 

15, 

04 

')  ’) 

.95 

31 

.80 

18 

54 

5 

24 . 7 1 

6 1 

.28 

1 1, 

95 

14 

.05 

38 

. 13 

13 

52 

6 

30.61 

64 

.83 

4 , 

54 

0 

. 0 

42 

.38 

13 

92 

7 

38.42 

55 

.60 

5 , 

9 7 

16 

.03 

46 

. 51 

12 

93 

8 

20.4  1 

73 

. 5 1 

6 , 

05 

5 

.03 

49 

.84 

1 1 

(.2 

t:2  - 

I 

20 . 1 6 

74 

. 79 

5. 

04 

4 

.60 

49 

.85 

10 

76 

2 

38.  10 

56 

. 99 

4, 

80 

4 

. 39 

50 

.08 

1 1 

40 

1 

26 . 84 

6/ 

. 75 

5, 

14 

9 

.00 

41 

.48 

1 1 

74 

4 

0.0 

05 

. 53 

/ 

, 

42 

32 

. 02 

44 

.64 

14 

6 7 

5 

32.48 

31 

.62 

/ 

^ , 

27 

1 1 

9 2 

42 

.60 

0 

75 

6 

20.82 

73 

.08 

5, 

15 

4 

! 35 

48 

. 38 

0 

47 

8 

23.01 

73 

. 3 7 

4, 

82 

10 

.67 

46 

.60 

1 1 

70 

K4  - 

1 

6 1 .OS 

33 

. 00 

4, 

12 

l 

. 1 1 

64 

. 32 

4 

68 

9 

18.74 

75 

.25 

5, 

09 

9 

. 77 

39 

.26 

14 

02 

1 

27.  IS 

68 

.82 

4, 

02 

2 

.47 

53 

.83 

10 

24 

4 

31  .45 

63 

.44 

5, 

00 

2 

.8  0 

4 3 

.60 

10 

43 

5 

0.0 

92 

.27 

7, 

72 

16 

.28 

48 

.01 

10 

60 

6 

20.83 

6 5 

. 51 

4, 

6 5 

6 

.90 

42 

. 15 

12 

61 

8 

80 . 84 

17 

. 15 

t 

6 7 

0 

. 0 

70 

.96 

9 

75 

K5  - 

1 

50.63 

46 

.50 

2 

83 

0 

.8 

64 

.84 

5 

04 

•> 

70.  17 

18 

.84 

\ 

08 

0 

. 0 

74 

. 54 

0 

70 

3 

84.20 

13 

.73 

1 

07 

0 

. 10 

71 

.00 

3 

10 

5 

62.07 

34 

. 53 

■) 

40 

0 

. 4 5 

66 

.01 

4 

12 

<5 

70.76 

23 

.17 

6 

06 

7 

. 35 

55 

.05 

9 

36 

7 

58.13 

37 

.47 

4 

30 

0 

. 0 

64 

. 17 

6 

30 

F.6  - 

1 

24 . 1 2 

71 

.51 

4 

36 

3 

. 10 

45 

.<>1 

0 

00 

■) 

3 1 . 74 

68 

.85 

4 

39 

4 

.93 

51 

.28 

8 

1 5 

3 

1 7 . 6 7 

77 

.06 

5 

25 

•) 

. 80 

47 

. 15 

9 

6 3 

5 

4 3.11 

52 

. 35 

4 

52 

0 

.36 

60 

.23 

5 

50 

7 

31 .03 

6 5 

.03 

3 

9 3 

l 

. 35 

57 

.88 

5 

84 

8 

17.87 

77 

.42 

4 

70 

3 

.4  1 

44 

.39 

0 

31 

E7  - 

l 

00.04 

0. 

. 5 

0 

. 0 

83 

.06 

8 

18 

9 

67.95 

20 

. 1 1 

2 

.92 

0 

. 0 

76 

. 50 

0 

76 

4 

08 . 6 1 

1 . 

, 38~ 

0 

. 0 

86 

.51 

7 

18 

5 

97.70 

9 

,20 

0 

.0 

76 

.68 

1 1 

51 

8 

99.70 

o' 

,28 

0 

. 0 

83 

.41 

5 

69 

8 

99.93 

0. 

,06 

0 

. 0 

70 

. 32 

1 

75 

At' 
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Tab  It'  AJ 


So 

ilimont  Par 

amt't  or: 

s t rora  Maorobi 

l'ii t h i c 

Samp  1 inn 

l.o  cat 

ions,  January 

19  7 7 

Stratum/' 
Rep  1 i cat  c 

% Sami 

Silt 

Z l' lav 

Detritus 

Tot  a 1 Vo  la  tile 

So lids  So  lids 

Kl  - l 

0.0 

86.38 

13.41 

15.33 

46. 19 

1 2 . (>0 

2 

38.  57 

32.72 

8.69 

21 .66 

36.41 

9.12 

3 

0.  0 

78.77 

21  . 16 

24 . 69 

23.20 

23.42 

4 

0.  0 

69.43 

30 . 50 

21.01 

24 . 90 

2 7.91 

5 

7 . 02 

85.34 

7.62 

18.87 

38.67 

1 7 . 64 

6 

0.  0 

73.93 

26.06 

26.32 

20.  12 

10.81 

7 

0.  0 

82.31 

17.60 

9.28 

23.76 

18.88 

8 

0.  0 

76.46 

2 3 . 5 3 

34.80 

23.33 

2 7 . 86 

K2  - l 

l).  0 

82 . 09 

17.90 

10.48 

34.77 

60 . 24 

2 

0.0 

86.49 

13.50 

16.97 

26 . 73 

1 3 . 4 3 

3 

0.  0 

85.00 

14.99 

12.63 

22.64 

1 5.49 

4 

1 .62 

87.62 

10.74 

14.14 

37.88 

14.16 

5 

0.  o 

64 . 24 

35.75 

28.81 

1 9 . 38 

17.99 

6 

1.10 

78.42 

20.46 

22.98 

29 . 1 3 

21 .02 

7 

0.0 

89 . 30 

10.69 

8.77 

39.2  5 

14.72 

8 

0.0 

84 . 63 

1 5 . 36 

20.66 

25.06 

17.51 

K3 

- 1 

0.0 

89.  10 

10.90 

1 3.64 

— 

— 

2 

0.0 

89.86 

10. 13 

8 . 92 

— 

i 

3 

0.0 

77.77 

22.22 

22.83 

30 . 70 

13.71 

4 

0.0 

90 . 34 

9.65 

8 . 94 

— 

1 

5 

0.0 

92.99 

7.00 

8.62 

— 

6 

0.0 

92.28 

7.71 

6 . 66 

— 

I 

7 

0.0 

92.07 

7.92 

11.34 

— 

I 

8 

0.0 

91 .46 

8.53 

7 . 36 

— — 

1 

R4 

- 1 

0.0 

87.83 

12.14 

12.61 

2 3.57 

14.13 

■> 

0.  0 

91.18 

8.81 

6.05 

2 7.76 

1 3.65 

3 

0.0 

71.94 

28.05 

14.46 

2 7.70 

17.37 

4 

0.0 

83.51 

14.48 

39.56 

2 1 . 98 

28.87 

3 

0.0 

84.81 

15.31 

8.  1 7 

52.87 

l 2 . 30 

6 

0.0 

86.61 

1 3 . 38 

17.52 

2 5.67 

14.36 

7 

0.0 

85.29 

14.70 

12.12 

25.70 

15.50 

8 

0.0 

86.46 

13.53 

10.47 

28.4  3 

17.17 

R5 

- 1 

99 . 06 

0.93 

0.0 

88.58 

0.57 

•y 

99.4  3 

0 . 54 

0.0 

84.82 

0.51 

3 

97.80 

2.19 

0.0 

86.72 

0.67 

4 

98.97 

1.01 

0.0 

88.39 

0.56 

5 

99.41 

0.58 

0.0 

88 . 1 9 

0 . 64 

6 

99.07 

0.92 

0.0 

8 7.8  3 

0 . 64 

7 

98.69 

1 . 30 

0.0 

88.70 

0.60 

8 

98.28 

1 .71 

0.0 

8 7.4  3 

0 . 4 7 
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Table  A3  (Continued) 


Stratum/ 
Kepi ieate 

7.,  Sand 

% Silt 

°L  Clay 

% Detritus 

7»  To  t a 1 
Solids 

1 Volatil 
Sol i ds 

El  - 1 

14.26 

64.75 

20.98 

13.96 

46.73 

11.87 

2 

9 99 

85.41 

12.36 

11.00 

52.04 

13.09 

3 

9.03 

76.20 

14.75 

16.38 

45.45 

13.65 

4 

10.  70 

73.84 

15.44 

13.28 

55.86 

10.14 

5 

19.81 

56.93 

23.24 

15.90 

36.93 

13.17 

6 

5.63 

80 . 00 

14.34 

8.34 

46 . 54 

11.98 

7 

20.81 

67.40 

11.78 

16.77 

50.99 

11.18 

8 

22.09 

63.49 

14.39 

0.0 

56.36 

9.95 

K2  - 1 

11.76 

77.01 

11.27 

7.70 

49.08 

10.35 

2 

10.47 

68.58 

20.94 

10.34 

45.83 

9.79 

3 

4.83 

84.26 

10.90 

7.08 

48.00 

11.01 

4 

13.64 

83.00 

3.36 

6.67 

55.90 

9.60 

5 

8.98 

82.03 

8.98 

10.02 

54.63 

11.09 

6 

9.52 

84.78 

5.69 

8.36 

56.55 

9.84 

7 

3.38 

80.67 

15.93 

20.59 

31.77 

16.50 

8 

1.57 

91.75 

6.67 

16.58 

51.09 

10.83 

E4  - 1 

82.13 

15.75 

2.11 

0.58 

78.76 

4.05 

2 

4.37 

84.08 

11.54 

12.82 

43.10 

13.42 

3 

13.51 

72.40 

14.08 

7.91 

54.01 

12.29 

4 

72.64 

21.49 

5.85 

6.03 

59.74 

8.52 

3 

45.31 

51.17 

3.51 

12.26 

63.56 

5.69 

6 

63.28 

34.54 

2.17 

o.o 

67.58 

8.60 

7 

38.41 

54.60 

6.97 

10.00 

43.16 

9.96 

8 

25.08 

69.88 

5.03 

4.03 

50.67 

7.89 

E5  - 1 

90.59 

2.03 

7.37 

0 .o 

58.67 

0.06 

2 

89.39 

7.79 

2.80 

0 . o 

81.95 

1 .08 

3 

72.51 

25.08 

2.38 

0 -0 

77.48 

2.98 

4 

83.11 

12.70 

4.17 

0 • o 

77.32 

2.32 

5 

79.15 

18.79 

2.05 

0 • o 

81.26 

2.09 

6 

52.92 

45.12 

1.93 

1.01 

71.48 

6.05 

7 

81.97 

14.91 

3.09 

0.0 

74.85 

2 22 

8 

17.87 

76.47 

5.60 

14.33 

61.12 

9.25 

E6  - 1 

43.77 

51.83 

4.39 

0 .0 

63.50 

4.78 

2 

63.39 

31.06 

5.53 

3.70 

73.38 

3 .49 

3 

59.35 

34.10 

6 . 54 

13.56 

17.00 

2.46 

4 

24.18 

68.89 

6.92 

10.73 

62.51 

8.88 

5 

65.31 

29.22 

5.45 

5.65 

79.00 

15.12 

6 

37.71 

55.13 

7.14 

10.53 

67.92 

5.61 

7 

62.86 

31.31 

5.82 

18.48 

75.25 

3.78 

8 

52.20 

40.81 

6.98 

19.13 

74.72 

6 . 68 

(Cont inuod ) 


A 8 


Tdfili'  A?  (i'oiu’ 1 utii'ti ) 


sTr;it  umy 

Repl i cate  7..  Sand  7„  Silt 


E7  - 1 99.86  0.13 

2 98.66  1.33 

1 99.39  0.38 

4 99.88  0.11 

3 99.72  0.23 

6 99.97  0.02 

99.26  0.02 

100.00 


TT'StTfT 

Clay  Z Pot r it us  So  lids 

o.o 

0. 0 

0.  0 89 . 36 

0.0  88.30 

0.0  87.9  7 

0. 0 

0. 0 

0.  0 93.71 


Vol  atTTf 

So  1 i 0s 


0.29 
0.13 
0 . 84 


1 . 73 


8 


0.0 


Table  A4 

Sediment  Parameters  from  Macrobenthic 


S ampi imj  Locations,  April  1977 


Stratum  / 

4 Total 

Z Volati 

Hep  1 i oat  e 

% Sami 

Z Silt 

Z Clay 

7.,  Detritus 

So l i ds 

Sol  ids 

K 1 - 1 

0.0 

83.17 

16.82 

18.29 

24.38 

26.49 

2 

0.0 

66.32 

33.47 

34.82 

21.63 

35.32 

3 

0.0 

73.89 

26.10 

36 . 34 

21.44 

27.48 

4 

0.  0 

82.71 

17.26 

26.18 

28.07 

21.20 

5 

0.0 

74.87 

25.  12 

15.76 

— 

— 

6 

0.0 

68.62 

31.37 

20.35 

30.44 

22.65 

7 

0.  0 

13.50 

83.65 

16.34 

20.10 

30.52 

8 

0.0 

84.88 

15.11 

13.51 

28.42 

15.55 

K2  - 1 

0.0 

76.11 

23.88 

19.59 

21.85 

23.03 

2 

0.0 

84.88 

15.11 

17.78 

27.91 

16.26 

3 

0.0 

55.90 

44 . 09 

16.22 

17.32 

20.36 

4 

0.0 

88.52 

11  .47 

11.88 

30.23 

13.29 

3 

0.0 

86 . 76 

13.23 

13.58 

31.65 

15.13 

6 

7 

o.o 

75.93 

24 . 06 

15.85 

17.70 

16.68 

/ 

8 

0.  o 

76.51 

23.48 

1 1 .43 

22 . 79 

14.76 

K3  - 1 

0.0 

79.49 

20.50 

1 1 . 36 

31.35 

14.42 

'> 

o.o 

82.01 

17.98 

12.95 

29.11 

20.48 

3 

o.o 

87.71 

12.28 

12.70 

28.65 

12.85 

4 

o.o 

75.61 

24 . 38 

16.18 

17.16 

27.03 

3 

0.0 

91.91 

8 . 08 

4 . 22 

55.59 

10.23 

8 

o.o 

93.22 

6.81 

4.34 

61.97 

9.96 

7 

O.o 

82.64 

17.35 

19.91 

30.71 

14.93 

8 

o.o 

77.11 

1.17 

19.27 

K4  - l 

o.o 

88.40 

11.59 

10.46 

2 7.93 

15.06 

2 

o.o 

90 . 30 

9.65 

11.68 

28.43 

15.09 

3 

o.o 

68.80 

31.19 

34.98 

24 . 96 

35.50 

4 

0.0 

68.07 

31 .92 

21.07 

21.09 

20.92 

5 

o.o 

85.30 

14.60 

4.53 

28.84 

12.79 

6 

o.o 

87.15 

12.84 

15.29 

26 . 56 

17.48 

7 

o.o 

87.01 

12.98 

7 . 90 

31.94 

13.31 

8 

o.o 

92.00 

7.99 

6.42 

25.92 

14.69 

R3  - 1 

100.00 

0.0 

0.0 

0.0 

87.84 

0.45 

2 

100.00 

0.0 

0.0 

0.0 

89.61 

0.19 

3 

1 00 . 00 

0.0 

0.0 

0.0 

86.97 

0.30 

4 

1 00 . 00 

0.0 

0.0 

0.0 

92.67 

0.43 

3 

1 00 . 00 

0.0 

0.0 

0.0 

96 . 20 

0.35 

6 

100.00 

0.0 

0.0 

0.0 

97.91 

0.97 

7 

1 00 . 00 

0.0 

0 . 0 

0.0 

95.38 

0.  12 

8 

1 00 . 00 

0.0 

0.0 

0.0 

91.80 

0.53 

(Pont i nued) 
MO 


Table  A4  (Continued) 


Stratum  / lZ>  Total  7„  Volatile 


Kepi i cate 

% Sand 

1 Silt 

7,  Clay 

7,  Detritus 

Soli ds 

Sol i ds 

El  - 1 

57.57 

30.11 

12.25 

0.  0 

64.72 

6.84 

2 

11.43 

27.93 

60.62 

9.91 

57.30 

10.32 

3 

5.61 

60.22 

34.15 

9.46 

52.76 

17.62 

4 

3.09 

46.38 

50.52 

8.14 

49.65 

14.55 

5 

7.79 

53.39 

38.73 

10.11 

36.25 

20.92 

6 

14.65 

54.77 

30.57 

12.15 

51.53 

12.29 

7 

9.08 

52.02 

38.88 

9.02 

47.67 

14.04 

8 

7.67 

55.00 

37.31 

9.72 

48.91 

13.99 

E2  - 1 

26 . 54 

63.11 

10.34 

8.95 

59.04 

9.09 

2 

0.0 

90.05 

10.00 

16.44 

41.86 

15.15 

3 

9.69 

81.43 

8.86 

11.31 

51.55 

11.40 

4 

0.0 

88.80 

11.24 

15.38 

57.38 

10.77 

5 

4.24 

86.68 

9.07 

7.77 

50.14 

10.55 

6 

0.0 

87.86 

12.13 

16.43 

52.08 

10.63 

7 

0.0 

83.87 

16.12 

11.21 

40.55 

15.18 

8 

9.51 

75.63 

14.85 

13.10 

53.09 

12.29 

E4  - 1 

0.0 

84 . 86 

15.13 

35.21 

43.80 

10.27 

2 

0.0 

85.88 

14.11 

34 . 36 

39.91 

10.84 

3 

73.93 

20.01 

6.06 

5.34 

49.01 

6.63 

4 

0.0 

87.47 

12.52 

30.19 

43.08 

14 . 80 

5 

0.0 

82.79 

17.20 

43.00 

35.73 

15.84 

6 

39.49 

54.17 

6.33 

11.85 

47.08 

8.53 

7 

0 .0 

87.16 

12.83 

2 7.83 

39.54 

11.95 

8 

38.09 

50.96 

10.56 

17.23 

51.03 

9.49 

F5  - 1 

82.34 

14.21 

3.43 

0 . o 

77.27 

1.56 

2 

91.91 

4.42 

3 . 66 

0 . o 

73.39 

3.52 

3 

92.04 

3.86 

4.08 

0 . o 

78.30 

1.12 

4 

94.59 

3.20 

2.20 

0 -0 

77.58 

1.16 

5 

87.17 

1 0 . 05 

0.77 

0 • o 

77.  25 

4 .06 

6 

40.57 

55.85 

3.56 

0.59 

77.98 

1.20 

7 

94 . 00 

3.12 

2.82 

0 .0 

82.68 

0.61 

8 

70.08 

25.16 

4.74 

0 • o 

63.46 

5 . 90 

E6  - 1 

74.06 

22.54 

3.38 

0 -o 

72.69 

3.64 

2 

55.69 

39.12 

5.17 

0 .0 

64 . 09 

6.10 

3 

55.20 

40.27 

4.52 

o . o 

72.37 

4.03 

4 

85.78 

10.64 

3.57 

0 .0 

76.76 

1.53 

5 

20.03 

74.34 

5.62 

0 .0 

59.15 

8.92 

6 

57.83 

34.94 

7.21 

0 .0 

67.95 

6.02 

7 

41.28 

46.31 

12.40 

0 .0 

64 . 9 b 

8.85 

8 

25.16 

59.62 

15.21 

0 -0 

57.58 

8.65 

(Con  t i nued ) 
Al  1 
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Table  A5 

Sediment  Parameters  from  Macrobenthic 


Sampling 

Locations,  July  1977 

Stratum  / 

7o  Total  1 

1 Volatile 

Repl i cate 

7o  Sand 

7o  Silt 

% Clav  7c 

Detr i tus 

Solids 

Solids 

R1  - 1 

0.0 

74.61 

25.38 

12.37 

26.25 

19.93 

2 

0.0 

80.47 

19.52 

14.82 

25.50 

17.31 

3 

0.0 

78.60 

21.39 

14.91 

39.44 

15.75 

4 

0.0 

68.53 

31.47 

15.80 

31.43 

13.28 

5 

0.0 

87.12 

12.87 

16.14 

23.61 

20.57 

6 

0.0 

67.34 

32.65 

14.35 

26.32 

19.01 

7 

0.0 

79.64 

20.35 

12.00 

26.29 

18.84 

0 

78.04 

21.95 

13.28 

65.19 

5.87 

R2  - 1 

\j  • 0 

81.40 

18.59 

14.82 

18.27 

15.06 

2 

0.0 

74.43 

25.56 

26.58 

27.14 

15.20 

3 

0.0 

76.65 

23.34 

18.87 

20.80 

16.29 

4 

0.0 

72.24 

27.75 

17.99 

30.16 

15.06 

5 

0.0 

68.89 

30.93 

22.14 

16.95 

22.31 

6 

0.0 

75.69 

24.30 

23.89 

23.05 

16.45 

7 

0.0 

77.68 

22.31 

17.02 

22.67 

17.16 

8 

0.0 

70.96 

29.03 

22.84 

25.77 

17.40 

R3  - 1 

0.0 

78.18 

21.81 

22.63 

27.92 

13.63 

2 

0.0 

84.78 

15.14 

9.88 

31.28 

13.57 

3 

0.0 

77.05 

22.94 

4.57 

28.42 

14.81 

4 

0.0 

73.70 

26.29 

9.93 

30.86 

13.03 

5 

0.0 

79.61 

20.38 

10.85 

30.25 

14 . 64 

6 

O.o 

78.53 

21.46 

9.45 

23.70 

16.44 

7 

0.0 

80.16 

19.83 

17.04 

30.42 

13.12 

8 

O.o 

80.30 

19.69 

10.87 

31.62 

13.51 

R4  - 1 

0.0 

83.14 

16.85 

25.33 

17.84 

22.26 

2 

0.0 

82.13 

17.86 

10.32 

26.62 

3.28 

3 

0.0 

89.16 

10.92 

10.50 

29.77 

13.71 

4 

0.0 

82.07 

17.92 

17.35 

24.33 

17.66 

5 

0.0 

88.66 

11.33 

10.39 

20.39 

12.80 

6 

0.0 

82.63 

17.36 

16.31 

25.12 

17.27 

7 

0.0 

65.49 

34.50 

23.96 

15.49 

32.34 

8 

0.0 

86.83 

13.16 

10.94 

28.80 

12.83 

R5  - 1 

100.00 

0 .0 

o.o 

0 -0 

91.66 

0.39 

2 

100.00 

0-0 

0 .0 

0 -0 

58.26 

0.55 

3 

100.00 

0 .0 

0 .0 

0 .o 

73.59 

0.11 

4 

69.47 

24.72 

5.79 

0 .0 

31.66 

5.35 

5 

100.00 

0 .0 

0 .0 

0 -0 

53.95 

0.86 

6 

100.00 

0 .0 

0 .0 

0 -o 

52.48 

4.21 

7 

100.00 

0 . 0 

0 .0 

0 .o 

38.07 

0.11 

8 

72.87 

19.20 

7 . 92 

(Continued) 

M3 

0 -o 

37.87 

5.87 

Table  A5  (Continued) 


Stratum  / 
Reel ieate 

7o  Sand 

% Silt 

% Clay 

7o  Detritus 

7C  Total 
Solids 

7»  Volatil 
Solids 

El  - l 

89.68 

5.90 

4.42 

0.0 

46.89 

10.00 

2 

55.93 

30.94 

13.12 

0.0 

47.18 

9.60 

3 

79.32 

17.13 

3.54 

0.0 

40.89 

10.48 

4 

94.87 

2.81 

2.31 

o.o 

44.99 

10.32 

5 

84.63 

12.41 

2.94 

o.o 

49.25 

10.64 

6 

0.0 

69.00 

31.00 

37.83 

42.46 

11.67 

7 

0.0 

92.85 

7.14 

9.71 

49.13 

9.25 

8 

0.0 

91.44 

8.55 

20.14 

44.55 

9.02 

E2  - 1 

0.0 

90.90 

9.09 

16.36 

68.74 

4.09 

2 

0.0 

90.52 

9.47 

29.10 

38.08 

14.98 

3 

0.0 

91.84 

8.  15 

15.74 

67.71 

4.91 

4 

o.o 

92.34 

7.65 

19.30 

84.51 

1.18 

5 

0.0 

90.43 

9.56 

24.35 

43.55 

18.43 

6 

0.0 

91.20 

8.80 

22.07 

68.79 

5.24 

7 

0.0 

87.63 

12.36 

27.42 

48.41 

13.74 

8 

o.p 

89.26 

10.74 

29.77 

44.37 

11.00 

E4  - 1 

60.92 

30.18 

8.89 

3.16 

60.15 

7.69 

9 

54.93 

36.22 

8.84 

6 . 66 

48.94 

9.60 

3 

56.10 

38.33 

5.56 

2.20 

64.59 

6.73 

4 

61.90 

33.74 

4.35 

0.91 

69.01 

4.26 

5 

83.00 

12.58 

4.40 

5.63 

42.09 

11.68 

6 

70.00 

22.19 

7.80 

5.13 

48.17 

13.81 

7 

52.40 

39.95 

7.64 

5.42 

55.92 

6.64 

8 

0.0 

81.75 

18.24 

31.19 

69.09 

4.30 

E5  - 1 

43.82 

49.07 

7.09 

0 . 0 

58.97 

8.22 

2 

75.32 

19.06 

5.06 

0 . 0 

73.34 

1 . 86 

3 

93.80 

2.35 

3.84 

0.0 

83.53 

0.75 

4 

85.57 

9.36 

5.06 

0 .0 

72.32 

2.77 

5 

93.53 

1.94 

4.51 

0 . 0 

80.52 

0.85 

6 

90.31 

5.71 

3.97 

0 . o 

79.14 

0.87 

7 

71.56 

22.29 

6.13 

0 .0 

78.12 

1.58 

8 

82.88 

11.01 

6.10 

0.0 

67.38 

2.33 

E6  - 1 

93.52 

2.67 

3.79 

o.o 

82.68 

0.78 

9 

64 . 64 

29.25 

6.10 

0.72 

63.37 

6.30 

3 

94.63 

1.52 

3.84 

0.23 

82.38 

0.57 

4 

79.10 

11.78 

9.11 

0.32 

74.71 

2.24 

5 

47.64 

45.30 

7.05 

0.94 

67.03 

4.78 

6 

66 . 39 

25.24 

8.35 

0.37 

47.26 

4.26 

7 

82.72 

12.43 

4.85 

2.52 

74.79 

2.17 

8 

67.21 

22.73 

10.20 

0.24 

71.42 

3.96 

(Continued) 
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Table  A5  (Concluded) 


Stratum/  7C  Total  7.  Volatile 

Replicate  % Sand  % Silt  % Clay  % Detritus  Solids  Solids 


F.7  - 1 96.63 

2 98.30 

3 99.59 

4 99.54 

5 99.76 

6 99.62 

7 82.09 

8 99.16 


0.45 


2.86 


14.75 


1.69 

0.41 

0.44 

0.23 

0.37 


3.15 


0.0 

83.22 

0.56 

o.o 

90.94 

0.27 

o.o 

62.97 

0.37 

o.o 

70.29 

0.74 

o.o 

87.68 

0.43 

0.0 

77.37 

0.39 

0.0 

58.47 

2.25 

0.0 

85.29 

0.70 

0.83 


APPENDIX 


B' : OCCURRENCE  OF  TAXA  IN  MACROBENTHOS 
SAMPLES  BY  STRATUM  AND  SEASON 


Table  B1  (Continued) 


(Continued) 


APPENDIX  c':  ABUNDANCE  (NUMBER/160  CM“) 
OK  MACROBENTHOS  IN  EACH  SAMPLE 


Stratum  El  - July  1976 

1 

2 

3 

4 

5 

6 

7 

8 

Totals 

Branch i ura  sowerbvi 

3 

11 

14 

1 

29 

Limnodrilus  spp. 

162 

6 

4 

100 

3 

1 

81 

357 

Limnodrilus  hof fmcl steri 

20 

8 

1 

29 

Limnodrilus  cervix 

11 

1 

12 

Ilvodrilus  templetoni 

3 

3 

Corbicula  manilensis  (small) 

4 

4 

Smvnthuridae 

1 

1 

Chironomus  spp. 

2 

2 

Helius  sp. 

9 

3 

5 

Enchy traeidae 

6 

5 

11 

22 

Spider 

1 

1 

Palpomyia  sp. 

5 

1 

6 

12 

Phvsa  sp. 

8 

11 

2 

21 

Tanvpus  sp. 

1 

1 

Corbicula  manilensis  (larqe) 

1 

1 

o 

A. 

Stratum  E2  - July  1976 

1 

9 

3 

4 

5 

6 

7 

_8 

Totals 

Branchiura  sowerbvi 

1 

23 

19 

12 

6 

13 

74 

Limnodrilus  spp. 

339 

67 

153 

693 

137 

174 

542 

90 

2195 

Limnodrilus  hoffmeisteri 

48 

9 

54 

79 

26 

23 

92 

30 

361 

Limnodrilus  cervix 

3 

22 

17 

78 

13 

24 

23 

1 

1S1 

Ilvodrilus  templetoni 

11 

3 

4 

44 

13 

41 

5 

121 

Naidae 

18 

2 

9 

2 

31 

Enchytraei iae 

20 

1 

21 

Tanypus  sp. 

153 

2 

2 

3 

2 

21 

18  3 

Palpomyia  sp. 

2 

1 

1 

4 

Phvsa  sp. 

l 

1 

8 

10 

Pisidium  sp. 

1 

1 

Peloscolex  frevi 

2 

2 

Corbicula  manilensis  (small) 

3 

1 

1 

5 

Dolichopodidae 

1 

1 

Smvnthuridae 

1 

1 

(Continued) 

hi 


C2 


Stratum  Kd 


July  10  7 1' 


1 


Tot al s 


Branch i ura  sowerbv i 
b i mnodr i 1 us  spp . 
l.imnodri  1 us  hoffmej  steri 
1 i mnodr  i lus  cervTx 
iTvoITr  lTus  tempi  cton  i 
Po 1 i chopod  i dae 
Ch  i ro nonius  s p . 

Tuny pus  sp. 

Tubl  1 ox  sp . 

Fol  vpedi  lum  sp  . 

Sphaor turn  tr;insvorsum 
flat  dae 

Corbicula  manilensis  (small) 


6 

8 

6 

7 

3 

9 

14 

44 

45 

178 

65 

52 

74 

122 

40 

18 

5 

35 

6 

13 

7 

14 

12 

9 

4 

15 

3 

5 

12 

4 

•) 

4 

4 

8 

•) 

1 

7 

*1 

5 

7 

1 

3 

19 

:i 

7 

26 

39 

14 

15 

69 

1 

1 

l 

1 1 

/.  9 


46 
620 
1 10 

48 

31 

•> 

19 

192 

1 

1 

1 

2 

6 


Stratum  K4  - July  1076 


1 

o 

3 

/ 

4 

S 

6 

7 

8 

To  t a 1 s 

Branch i ura  soworhv i 

1 

1 

9 

6 

10 

l.imnodri  lus  spp. 

97 

96 

18 

66 

33 

123 

73 

30 

536 

1 .i  mnodr i lus  hof  fmoi  stori 

6 

20 

t 

4 

5 

7 

12 

55 

1 .imnodr  i lus  cervix 

3 

8 

4 

6 

15 

36 

24 

96 

Chironomus  spp. 

9 

3 

29 

15 

9 

12 

63 

Pi erotendi pcs  nervosus 

1 

3 

4 

Tub  if ex  sp. 

*) 

Corbicula  manilensis  (small) 

l 

O 

8 

8 

6 

25 

Coo  1 ot  anynus  scapu  lari  s 

'•) 

11 

23 

Tanvpus  sp. 

72 

Q 

7 

92 

6 

188 

9 

Crvpt  ocht  roimnius  sp  . 

1 Ivodri lus  templet on! 

1 

1 

0 

2 

('orb  t cula  manilensis  (lame) 

1 

1 

o 

((.'out  i muni ) 


Stratum  E5  - July  1976 


B ranc hiur.i  sow o r by  i 
l.imnodri  lus  spp . 
l.imnodr  i lus  hof  1'inu i stor  i 
l.imnodri  lus  cervix 
Ilyodrilus  tompletoni 
Naidao 

Curb i cu  1 a man i 1 ous 1 s ( sma 1 1 ) 
Ch ironomus  spp . 

Tanvpus  sp . 
l'omatiopsis  sp . 

Phvsa  sp. 

Troc lad lus  bo  I lus 
Chironomus  spT  T” 

Dicrotondl  pos  norvosus 
Chironomus  sp~]  5 
1'anvtarsiis  sp . 

Coelotanypus  soapulari  s 
Crypt ooh l ronomus  sp~^ 


Stratum  E6  - July  1976 


B ranch 1 ura  sowrrbv i 
l.imnodr i lus  spp . 
l.imnodri  lus  hoffmoistn  i 
l.imnodri  lus  corvix 
llvodri lus  tompletoni 
Naidao 

Corbicula  mani  lensi  s ( sma  1 1 ) 
Chironomus  spp. 

Tanvpus  sp . 

Piorotendipes  norvosus 
Procladi us  bol lus 
Coolotanvpus  soapulari  s 
Pol y pod il urn  sp. 


1 

2 

3 

4 

5 

b 

7 

8 

To  t a 1 s 

i 

6 

4 

2 

1 

4 

18 

43 

7 

22 

48 

4 

13 

9 

14b 

8 

3 

~7 

2 

6 

5 

31 

17 

8 

1 

3 

1 

30 

1 

2 

1 

4 

2 

2 

32 

6 

13 

7 

lb 

b 

80 

30 

4 

24 

87 

1 

10 

8 

lb4 

4 

6 

3 

1 

14 

1 

1 

1 

1 

1 

1 

2 

1 

i 

4 

4 

1 

1 

1 

1 

1 

1 

9 

9 

9 

1 

2 

3 

4 

__5 

_b 

7 

8 

Tot  a l s 

4 

12 

9 

5 

2 1 

27 

72 

24 

9 

29 

14 

22 

33 

230 

3 

4 

7 

5 

13 

7 

8 

8 

55 

1 

1 

3 

l 

b 

9 

b 

9 

1 

2 

1 

14 

9 

1 

3 

1 

2 

3 

4 

9 

2 

3 

17 

4b 

2b 

25 

30 

32 

14 

13 

12 

198 

1 

1 

1 

3 

b 

5 

13 

2 

2 

9 

30 

1 3 


4 


9 


1 1 


-> 


(Contini  d) 


<24 
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Stratum  E7  - July  107b 


1 2 3 4 5 6 7 8 Totals 


Limnodri lus  spp. 

3 

8 

3 

2 

3 

10 

Limnodr i 1 us  ho f true i s t or  i 

6 

2 

8 

Corbicula  manilonsis  (small) 

3 

0 

2 

i i i 

10 

Chi ronomus  spp. 

1 

6 

i 

i i 

I 

I 1 

Di crotend i pes  nervosus 

1 

i 

1 

Corbicula  manilonsis  (larqe) 

1 

Polvpedi Turn  sp . 

1 

1 

St ictochironomus  sp . 

3 

3 

Stratum  Rl  - July  107b 

1 

o 

3 4 

5 6 7 

8 

Totals 

Teloseolex  mul t i sotosus 
reloscotex  frovi 
himnodri lus  spp. 
Limnodrllus  hot' fmoi  steri 
llyodrilus  tempi etoni 
Corbicula  manilonsis 
Limnodri lus  profundlcola 
Ch  i r o nonm s s pp~! 

Ase llus  sp. 

Gammarus  fasciatus 
Hyalella  azte~ca 
C o o 1 o t any  pu  s To  a pu  1 a r 1 s 
Crypt ochi ronomus sp . 

1'ri chocoi  i xa  sp . 

I sotomidae 
Holobdella  o 1 ongata 
Naidae 
Pisidium  sp  - 
Palpomyi a sp . 

Spider 


51 

17 

11 

4 

27 

3 5 

1 

114 

1 

4 

10 

15 

61 

21 

25 

11 

17 

21  18 

10 

184 

31 

3 

4 

8 

1 11 

4 

b2 

7 

1 

6 

14 

2 

2 

4 

1 

3 

4 

1 

1 

2 

3 

1 

1 

2 

1 

4 

5 

5 

*7 


(Continued) 


C5 


I 


1 


ro  to  r-*  f o -t>  ro 


Stratum  R2  - July  1976 


Limnodri lus  spp . 

Limnodri lus  hof fmei stori 
Naidae 

Smvnthuri dae 
Chlronomus  spp . 

Chironomi d sp . 3 
Peloscolex  mul t i setosus 
Tub if ex  sp. 

Trichocorixa  sp . 
Coelotanvpus  scapularis 
Tanvpus  sp . 
Crvptochironomus  sp . 
Ilvodrilus  templetoni 
Hvdrolimax  grisea 
Limnodri lus  cervix 
Procladius  bellus 
Cryptocladopelma  sp . 
Polvpedilum  sp . 


Stratum  R3  - July  1976 


Peloscolex  frevi 
Limnodrilus  spp. 
Limnodrilus  hof fmeistcri 
Ilvodrilus  templetoni 
Coelotanvpus  scapularis 
Chironomid  sp.  4~ 
Tanvpus  sp . 

Polvpedilum  sp . 
Cryptochironomus  sp . 
Chironomid  sp . 5 
Procladius  bellus 
Lauterborniella  sp . 
Chironomus  spp. 

Naidae 

Dicrotendipes  nervosus 


l 

? 

3 

4 

5 

6 

7 

8 

Totals 

7 

22 

20 

17 

6 

121 

42 

25 

2 60 

13 

3 

13 

1 

11 

10 

53 

2 

3 

1 

1 

7 

1 

1 

6 

1 

1 

3 

11 

2 

24 

2 

1 

1 

1 

5 

1 

3 

32 

35 

1 

72 

1 

1 

2 

1 

1 

1 

1 

2 

1 

1 

1 

3 

2 

1 

3 

2 

11 

4 

2 

19 

1 

1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

2 

3 

4 

5 

6 

7 

8 

Totals 

1 

2 

3 

21 

22 

11 

12 

10 

9 

21 

106 

1 

1 

2 

1 

3 

1 

8 

1 

14 

1 

1 

5 

7 

1 

5 

3 

23 

1 

1 

3 

1 

2 

6 

2 

6 

1 

2 

2 

1 

1 


(Continued) 

C6 


1 

3 

2 

2 

1 

3 

1 

1 


Stratum  R4 


July  1976 


7 8 


Totals 


1 . i mnodr  i lus  spp. 

Limnodrilus  hof  l'mei  ster_i 
Co c 1 o t a nvpus  s e a pu l a r i s 
Proc! ad  jus  hoi lus 
Chiron  onm  s s pp~l 
Crvptochironomus  sp . 

Pelosco 1 ex  frovi 
llvodrilus  templotoni 
Corb i c u 1 a man i \ e n s i s ( smu 1 1 ) 
Tanvpus  sp . 


9 10 
7 

4 6 


Stratum  R5  - July  1976 


Limnodri lus  s pp . 

Holobdella  eloneata 
Corbionla  manilcnsfs 
Tri choptera 

Limnodrilus  hof fmei stori 
Damsel  fly  nvmph 
Pi crotendipes  nervosus 
Chironomid  sp.  5 
Crvptochironomus  sp . 

Tubi tex  sp . 

Polypedi lum  sp . 
llvodrilus  templetoni 
Physa  sp . 

Spi der 

Trichocorixg  sp . 

Peloscolcx  frevi 
St i ctochironomus  sp  . 
Peloscolex  multisetosus 
Ferrissia  sp . 

Corbicula  manilensis  (largo) 


1 

0 

3 

4 

5 

6 

7 

8 

Totals 

3 

9 

10 

30 

12 

7 

16 

22 

109 

1 

1 

1 

1 

4 

25 

9 

6 

1 

5 

44 

7 

19 

116 

1 

1 

1 

11 

17 

3 

4 

36 

(Continued) 

Cl 


Stratum  El  - November  1976 


1 

2 

3 

4 

5 

6 

7 

8 

Totals 

Branchiura  sowerbyi 

7 

7 

5 

5 

2 4 

Limnodrilus  spp. 

55 

11 

5 

16 

7 

36 

130 

Limnodrilus  hoffmeisteri 

5 

5 

Ilvodrilus  templetoni 

7 

7 

Helobdella  elongata 

1 

1 

Helobdella  punctatalineata 

2 

2 

Corbieula  manilensis  (small) 

1 

1 

2 

Dol ichopodidae 

2 

1 

3 

1’rostoraa  rubrum 

1 

1 

Enchy  traeidae 

1 

1 

Physa  sp. 

1 

36 

2 

12 

51 

I sotomidae 

1 

1 

1 

1 

3 

58 

65 

Helius  sp . 

1 

1 

2 

8 

12 

Stratum  E2  - November 

1976 

1 

2 

3 

4 

5 

6 

7 

8 

Totals 

Peloscolex  freyi 

2 

2 

Branchiura  sowerbyi 

12 

21 

26 

13 

29 

12 

18 

1 

132 

Limnodrilus  spp. 

57 

90 

79 

78 

54 

43 

32 

27 

460 

Limnodrilus  hoffmeisteri 

8 

4 

4 

4 

7 

2 

3 

2 

34 

Limnodrilus  cervix 

4 

1 

1 

1 

1 

8 

Ilyodrilus  templetoni 

6 

3 

6 

25 

6 

4 

4 

2 

56 

Corbieula  manilensis  (small) 

2 

2 

1 

1 

5 

1 

12 

Coelotanypus  scapularis 

1 

1 

2 

Trichocorixa  sp. 

1 

1 

Dol ichopodidae 

1 

1 

2 

Hydrolimax  grisea 

1 

1 

Naidae 

1 

1 

Helobdella  punctatalineata 

1 

1 

Lymnaea  stagnalis 

3 

3 

Gyraulus  sp. 

1 

1 

2 

Pro stoma  rubrum 

2 

2 

(Continued) 


C8 


Stratum  K4 


November  197t> 


Limnod ri lus  spp. 

Limnod r i 1 u s ho t fine i s ter i 

I.imnodrtTus  cor v i x 

1 1 y od  r i 1 u s t omn 1 e t on i 

('orb  i cut  a man  [Ten  sis  ( sma  1 1 ) 

(■rvptochi  ronomus  sjvT 

branch i ura  soworbvi 

Nai dae 

(■hi  rononnis  spp. 

Peloscolex  frevi 
Tanypus  sp . 

Phvsa  sp . 

1'r  t chocor i xa  sp . 

Peloscolex  mu  1 1 i set osus 
Corblcula  man  ileus  is  flarqe ) 


Stratum  E5  - November 


I.imnodri  lus  spp. 
limnodrilus  ho f fine i st  eri 
l.imnodr (Tus  eery f x 
1 1 vodr i 1 us  temoTe t o n i 
Corh  i cul  a man  i 1 tuis^Ts  ( sma  1 1 ) 
Ch  t ronomus  spp . 

Tanypus  sp . 

('rvptochi  ronomus  s p . 

I sotomi dae 

Coelot anvpus  scapular i s 
Proc lad ius  bell u s 


1 

2 

3 

4 

5 

6 

7 

8 

Tot  a 1 s 

112 

81 

29 

31 

47 

34 

57 

27 

418 

13 

6 

2 

8 

5 

5 

7 

46 

9 

ll 

6 

1 

5 

4 

36 

S 

1 

3 

3 

14 

2 

7 

4 

2 

8 

23 

2 

2 

13 

3 

3 

2 

13 

13 

49 

1 

1 

1 

2 

5 

2 

3 

5 

1 

1 

2 

8 

2 

10 

1 

1 

1 

1 

1 

i 

2 

i 

1 

l 97(> 

1 

9 

3 

4 

s 

6 

7 

8 

Tot  a 1 s 

IH 

29 

38 

33 

36 

32 

20 

57 

263 

3 

2 

6 

1 

4 

1 

17 

4 

2 

4 

4 

2 

1 

17 

1 

1 

9 

26 

27 

11 

ii 

3 

14 

92 

1 

13 

3 

6 

2 

25 

1 

1 

1 

1 

3 

5 

1 1 

4 4 

1 1 


(Con t i nued ) 
C9 


i 


Stratum  F.6  - November  1976 

1 2 


Branehi ura  sowerhyi 
Tuhl 1 ex  sp . 
l.imnotlri  lus  spp. 

Cool otany pus  scayulari s 

1 , i mmul ri  hi s eery l x 

1 1 votl  r i 1 u s t emn  let  on  i 

Corh { cu 1 a man i 1 ens l s ( smn 1 1 ) 

Ch  i roiiomu  s spyT 

T any pus  sp . 

l.imnodr i lus  hof  t me i ster i 


1 

1 

26 

16 


l.imnotlri  lus  spp. 

Corhlcul«)  niani  lensi  s ( sma  1 1 ) 
v'.oel  otanvpus  scapul  ar  i s 
Branch! ura  sowerhyi 
Trichocorixa  spl 


21 

1 

4 

5 
5 

9 


Stratum  E7  - November  1976 

1 2 


1 

34 

1 


14 

26  21 
4 


2 

4 


5 


3 

27  41 


14 

1 

1 


8 

21 


1 

12 

2 

1 


43 


8 Totals 


33  20 

9 8 

2 

2 2 

1 


28 

1 

213 

38 

14 

11 

46 

8 

1 

8 


7 8 Totals 


3 11  2 

4 20  49  31  23 


9 

238 

1 

4 

1 


(Cont inued) 
CIO 


L 


Ul  b->  U)  M u |rf  fO  i—  O'  N5  W O' 


Stratum  R3 


November  1976 


l.imno dr  i lus  s p p . 
l.imnodri  lus  hof  fmei  ster  i 
llvodri lus  templetoni 
S t v 1 a r i a 1 anis  t rTs 
CorbFeula  main  lonsi  s ( sma  1 1 ) 
Coolotunvpus  sea  pul  nr  i s 
Procladius  belt us 
Crvptoch i ronomus  sp . 
Chaoborus  pune t i penn  i s 
Chi ronomus  spp. 

Poly pod i lum  sp . 

Tub l fex  sp . 

Alodrilus  piquet i 

Curb i cula  man  ileus  is  (1 arye ) 

Oammarus  faseiatus 


Stratum  R4  - November 


l.imnodr  i lus  spp. 

1 . i mnodr i 1 us  ho f fmei s 1 or i 
Coelot anvpus  scapular! s 
Proeladius  bellus 
Ch i ronomus  sp . 

C.jyptotend  i pus  sp  . 

Peloseolex  unit  t i setosus 
1 lvodri lus  templetoni 
Cammnrus  faseiatus 
Tub i t* ex  sp. 

l.imnodr  i 1 us  ndekeman  i us 
Na  idae 

Corhieu 1 a mani lensi s ( sma 1 1 ) 
Cry  p t ooTTITo nomu  s sp  . 

Ilel  obdel  1 a e 1 onyata 
Hatraehobdel la  phalera 
Mexavenia  niin^o 
Ab  1 ah e sniy  j a s p ■ 

Tanypus  sp . 


1 

2 

_3 

4 

5 

6 

7 

8 

To t a 1 s 

11 

7 

6 

11 

12 

7 

2 

3 

61 

3 

3 

4 

3 

1 

1 

15 

2 

5 

4 

1 

12 

1 

1 

2 

1 

1 

2 

3 

2 

5 

2 

1 

1 

1 

15 

3 

2 

1 

1 

1 

8 

1 

1 

3 

2 

7 

1 

1 

7 

1 

8 

2 

3 

1 

22 

1 

1 

1 

3 

2 

6 

4 

4 

1 

1 

1 

1 

976 

1 

2 

3 

4 

5 

6 

__7 

8 

Tot  a 1 s 

10 

10 

7 

2 

4 

4 

2 

3 

42 

17 

2 

1 

2 

6 

28 

4 

6 

2 

1 

13 

1 

1 

1 

1 

4 

9 

6 

7 

1 

8 

1 

25 

1 

1 

2 

3 

1 

1 

5 

1 

1 

9 

3 

6 

9 

4 

2 

1 

7 

1 

1 

1 

1 

1 

19 

1 

21 

1 

1 

1 

3 

(Cont inued ) 


Stratum  E2  - January  1977 


Branch  jura  sowerbyi 
I.imnodr  i lus  spp. 
Limnodrilus  hoffmeisteri 
Limnodri  lus  udekeman  i us 
Limnodrilus  cervix 
Dol ichopodidae 


Stratum  E4  - January  1977 


Branchiura  sowerhyi 


Limnodri lus 
Limnodrilus 


spp. 

hoffmeisteri 


1 

2 

3 

4 

3 

6 

7 

8 

Totals 

5 

17 

11 

5 

16 

14 

1 

16 

85 

23 

11 

6 

1 

6 

4 

7 

7 

65 

11 

24 

6 

2 

2 

2 

9 

6 

62 

3 

3 

3 

3 

1 

1 

77 

1 

2 

3 

4 

5 

6 

7 

8 

Totals 

5 

22 

1 

1 

4 

33 

1 

37 

4 

6 

8 

21 

18 

95 

2 

67 

2 

8 

31 

9 

119 

Palpomvia  sp. 

Knchy traeidae 
Dolichopodidae 
l.imnodrilus  cervix 
Ilyodrilus  templetoni 
Chlronomid  sp . 6 
Chironomus  spp. 


1 

1 

6 

1 


6 

1 

18 


1 

18 


(Cont inued) 


C 1 4 


cm  lo  O r~~ 


Stratum  K5  - January  1977 


1 

2 3 

4 5 6 7 

8 

To  t a 1 s 

Limnodrilus  spp. 

14 

1 1 

10 

26 

l.imnodri lus  hof fniei stcr i 

11 

7 

18 

Branch iura  sowerbyi 

3 

3 

Stratum  E6  - January  1977 

1__ 

2 3 

4 5 6 7 

8 

To  t a 1 s 

Limnodrilus  spp. 

1 

1 3 17 

5 

27 

Limnodrilus  hof fmeisteri 

1 8 

5 

14 

Branchiura  sowcrbvi  6 

1 

2 1 1 

2 

13 

Corhicula  manilensis  (small) 

1 

1 

(Cent inuod) 


Cl  5 


Stratum  E7  - January  1977 


2 

3 

4 

5 

6 

7 

8 

Totals 

Lininodrilus  spp. 

4 

3 

1 

8 

1 

2 

19 

Limnodrilus  hoffmeisteri 

4 

1 

1 

3 

9 

Corbicula  nianilensis  (small) 

1 

1 

Glyptotendipes  sp. 

1 

1 

Cryptochironomus  sp. 

1 

1 

Stratum  R1  - January  1977 

1 

2 

3 

4 

5 

6 

7 

8 

Total  s 

Feloscolex  multisetosus 

1 

1 

13 

2 

37 

17 

4 

75 

Limnodrilus  spp. 

5 

3 

6 

8 

13 

13 

26 

5 

81 

Limnodrilus  hoffmeisteri 

2 

1 

11 

1 

8 

19 

13 

55 

Enchy traeidae 

1 

1 

1 

1 

1 

2 

28 

35 

Helius  sp. 

1 

1 

Chrvsops  sp. 

1 

1 

3 

1 

6 

Helobdella  elonpata 

8 

4 

12 

Coleoptera 

1 

4 

5 

Dolichopodidae 

7 

3 

2 

1 

8 

21 

Coelotanvpus  scapularis 

1 

1 

2 

Chironomus  spp. 

1 

1 

2 

Tanypus  sp . 

1 

1 

2 

Helobdella  stapnalis 

2 

3 

1 

2 

10 

Asellus  sp. 

3 

4 

13 

i 

21 

Gammarus  fasciatus 

3 

1 

4 

llyodrilus  templetoni 

5 

2 

1 

8 

Limnodrilus  udekemanius 

1 

3 

4 

8 

Glyptotendipes  sp. 

Palpomvi a sp . 

2 

2 

3 

2 

5 

Lumber licul idae 

2 

2 

Physa  sp. 

1 

i 

Pisidium  sp . 

2 

2 

Arachnida 

1 

1 

(Continued) 

Li 


Cl(i 


Stratum  R2  - January  1977 


1 

2 

3 

/ 

‘4 

5 

6 

7 

8 

Tot  a 1 s 

Hvdro 1 imax  yr  i soa 

1 

1 

1 

3 

Tolosco 1 ox  mult i sotosus 

16 

25 

39 

22 

20 

10 

17 

64 

213 

l.i mnodr  i 1 us  spp. 

19 

43 

42 

46 

35 

11 

20 

83 

299 

1 t mnodr i lus  hoffmoistori 

6 

55 

12 

24 

5 

2 

5 

62 

171 

1 lyodri lus  tomplotoni 

1 

4 

3 

3 

9 9 

33 

Holobdolla  olonyata 

3 

1 

3 

7 

Cool ot any pus  scapular i s 

1 

9 

1 

i 

5 

Chi ronomus  spp. 

32 

50 

17 

67 

19 

9 

187 

Crypt ochironomus  sp . 

7 

9 

9 

1 1 

1, {mnodr i lus  udekoman i us 

2 

1 

9 

T 

6 

Pol i chopod i dao 

9 

9 

Holobdella  staynalis 

9 

9 

Curb i oula  man il ousts  (small) 

i 

l 

Hvatotla  aztoca 

i 

l 

Knchy t rao i dao 

9 

28 

30 

Cammarus  fasciatus 

1 

1 

branch i ura  soworbv i 

9 

9 

Tanvpus  sp. 

1 

l 

Stratum  R3  - January  1977 

l 


IV  Iosco  1 ox  mu  1 t i sot  o sits  2 

Inmnodr  1 1 us  spp  . 6 

TTimnodri  lus  hoffmoistori  5 

ttvodrilus  tomplotoni  3 

Fnchytraol dao 

Coolotanypus  scapulari  s 2 

(In  ronoums  spp . 4 

Tanvpus  sp. 

Hu  1 undo  11a  st  ayna  l i s 

(■orb  t cu  1 aman  i 1 ousts  (small)  3 

Sphaur  { uni  transvorsum  3 

Hoxayon i a m i into  1 

Crypt ochl ronomus  sp . 2 

Cammarus  fasciatus 

Hydro  1 tmax  y r i soa 


9 

3 

4 

5 

6 

7 

8 

Tot  a l s 

1 

9 

4 

9 

20 

31 

10 

4 

14 

12 

12 

18 

7 

83 

5 

4 

5 

4 

5 

1 

3 

32 

4 

3 

1 

4 

9 

15 

9 

7 

1 

3 

J 

1 

6 

20 

5 

7 

3 

9 

24 

27 

17 

96 

6 

10 

1 

5 

9 

3 

27 

1 

i 

9 

1 

1 

3 

9 

J 

1 

3 

3 

5 

i 

1 

3 

18 

1 1 

1 1 


(Cont  i nut’d ) 
C l 7 


Stratum  K4  - January  1977 


Hydro  Umax  grisea 
Lironodrilus  spp. 

I.imnodrilus  hoffmeisteri 
Ilvodrilus  temnletoni 
Corbicula  man! lens is~  (small) 
Gammarus  fasciatus 
Coelotanvpus  scapularis 
CTT  ironomus  sp . 

Tanypus  sp . 

Crvptochironomus  sp . 
Helobdella  elongata 
Sphaerium  transversum 
Asel lus  sp . 

Caenis  sp . 

Coleoptera 

Peloscolex  multisetosus 
Hexagenia  mingo 
Enchytraei dae 
Helobdella  st agnails 
Dicrotendipes  norvosus 


Stratum  R5  - January  1977 


Branchiura  sowerbyi 
Limnodrilus  spp. 

Limnodr ilus  hoffmeisteri 


Polypedilum  sp. 
Helobdella  elongata 
Caenis  sp . 

Coleoptera 

Stictochironomus  sp . 
Coelotanypus  scapularis 
Pseudochironomus  sp . 
Tubifex  sp. 

CE  Ironomus  spp . 
Clyptotendipes  sp . 
Cryptochironomus  sp . 
Hyodrilus  templetoni 


1 

2 

3 

4 

_5 

_6 

_7 

8 

To  t a 1 s 

1 

1 

9 

3 

16 

2 

5 

29 

6 

6 

76 

1 

1 

4 

3 

6 

1 

2 

18 

1 

3 

1 

1 

2 

i 

9 

1 

1 

9 

3 

1 

i 

18 

3 

10 

7 

16 

4 

40 

8 

7 

2 

2 

2 

1 

22 

2 

1 

142 

32 

10 

5 

32 

224 

10 

4 

2 

2 

9 

8 

6 

3 

44 

3 

4 

1 

3 

2 

3 

16 

1 

2 

3 

2 

2 

4 

1 

1 

2 

2 

9 

1 

1 

4 

9 

3 

16 

1 

1 

2 

2 

1 

i 

1 

3 

4 

77 

1 

2 

3 

4 

5 

6 

7 

8 

Totals 

3 

1 

6 

10 

2 

3 

20 

9 

24 

3 

9 

6 

76 

1 

2 

3 

1 

1 

3 

1 

3 

2 

3 

12 

1 

1 

1 

3 

2 

6 

1 

2 

1 

1 

5 

1 

1 

1 

2 

1 

4 

1 

1 

2 

4 

6 

2 

1 

1 

4 

3 

1 

4 

(Continued) 
Cl  8 


Stratum  El  - April  1'W/ 


l.lmnodrilus  spp. 
T.imnodrilui  hot fmeisteri 

EnchytrMidtt 
Branch  i ura  scwefbyi 
1 sot  omuT.u’ 

Ho  1 i c-hop^H  i dae 
Trie-hoc  lad i us  sp. 

Fhvsa  sp  . 


4 1 


8 

1 


7 

3 1 3 

43  63  107  51 

2 1 
1 6 3 

3 

1 


1 

3 


Totals 

8 

7 

3 1 0 

8 
4 

ll> 

3 

1 


Stratum  E2  - April  1^77 


1 


a 


3 4 


S b 7 8 Totals 


JL imnodri  lus  spp . 

P i nmodr  i Tns  hof  t~moi  stori 
TTvodrTT  vis  'temp  lot  on  i~ 

Knohy  t rao  idao 
Hranchiura  sowcrbvi 
Navs  spp. 

Corb  i oul  a mani  1 ons  i s ( smu  l 1 1 
Chi ronomus  spp. 

Ool  ichopovlidae 


17  4 

32  23 

1 

4 

1 

•> 

1 

1 


1 35  13  10 

45  6 12 


14  15 


141 

17 

47 

30 


1 


3 


1 


1 

26 


(Cont  inuod) 
Cl  9 


rj  r- 


Stratum  E4  - April  1977 


5 


678  Totals 


12  3 4 


Peloscolex  multisetosus 
Branch  jura  sowerbvi 
Limnodrilus  spp. 

Limnodr i lus  hof fmei s ter i 
Limnodrilus  cervix 
Ilyodritus  templetoni 
Nals  spp. 

Chirononius  spp. 

Tanvpus  sp . 

Enchvtra e i d a e 
Ablabesmvia  sp . e 
Pseudochironomus  sp . 


1 

1 

21 

8 

43 

2 

42 

43 

110 

16 

35 

11 

18 

106 

28 

35 

5 

2 

69 

51 

1 

5 

31 

9 

1 

1 

20 

68 

3 

111 

4 

10 

2 

? 


1 


1 


9 

1 

2 

86 

38 

63 

10 

357 

30 

29 

31 

288 

10 

23 

6 

166 

5 

6 

57 

2 

67 

82 

2 

353 

16 

2 

1 

2 2 


Stratum  E5  - April  1977 


Branchiura  sovcrbvi 
Limnodrilus  s pp . 
l.imnodrilus  hof  fmei  steri 
Chironomus  sp~ 
Pseudochironomus  sp . 
Coclotanvpus  scapularis 
Corbicul'a  manilensTs 
Limnodrilus  cervix 


1 2 3 


4 5 


6 


7 8 Totals 


6 

3 

3 

16  2 2 
1 
1 


3 2 12 

15  1 S 1 

5 10  1 


3 4 

1 


6 

13 

30 

36 

3 

1 

7 

1 


(Cont inued) 
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Stratum  E6  - April  1977 


3 4 5 6 7 8 Totals 


1 


Rranchiura  soworbvi 
Limnodrilus  spp. 

Limnodrilus  hof fmei steri 
LimnodrTTus  cervix 
Chironomus  spp 
Dicrotendipes  nervosus 
Pseudochi ronomus  sp . 
Corbicula  manilensis  l sma 1 1 ) 
Crvptochironomus  sp . 

Po  typed  Hum  sp. 


7 3 

8 1 1 

10  1 

1 

3 

1 

1 * 

1 1 
1 
1 


1 11 

1 4 15 

4 2 17 

1 

3 

1 

5 

2 

1 2 

2 3 


Stratum  E7  - April  1977 


1 2 3 4 


5 6 7 8 Totals 


Limnodri lus  spp. 

Limnodrilus  hof fmei steri 
Corbicula  manilensis  (sma 1 1 ) 
Pseudochi ronomus  sp. 

Nais  spp . 

Tub if ex  sp . 


9 15 

14  20 

11  14 

10  1 1 2 16 
13  3 2 1 1 20 

3 3 


(Continued) 


C21 


Stratum  R1  - April  1977 


1 


Limnodri lus  spp.  2 
Limnodri lus  hoffmeisteri  2 
Ilyodrilus  templetoni  1 


Nats  spp.  4 
Knchytracidae  6 
Lumber liculidae  3 
Asel lus  sp . 1 
Pol ichopodidae  1 


Peloscolex  muTt i setosus 
Branchiura  sowerhyi 
Chrysops  sp. 

Chrysomelidae 
Chironomus  spp . 
Ceratopogonidae 
Tanypus  sp. 

Corbicula  manilensis  ( sma 1 1 ) 
Gammarus  fasciatus 
Cryptochironomus  sp . 
Polypedilum  sp. 


2 

3 

4 5 

6 

7 

8 

Totals 

13 

18 

49 

12 

3 

9 

106 

16 

17 

8 

5 

8 

6 

62 

19 

64 

4 

1 

89 

26 

30 

15 

2 

23 

6 

9 

1 

1 

4 

6 

11 

61 

8 

9 

89 

1 

1 

1 

2 

3 

1 

1 

16 

3 

19 

1 

1 

1 

1 

1 1 

2 2 

2 2 

i 1 


Stratum  R2  - April  1977 


1 

2 

3 

4 

5 

6 

7 

8 

Total 

Peloscolex  multisetosus 

4 

4 

5 

5 

24 

4 

46 

l’eloscolex  freyi 

1 

1 

Limnodri lus  spp. 

15 

21 

14 

22 

36 

30 

8 

26 

172 

Limnodri lus  hoffmeisteri 

7 

17 

5 

5 

33 

9 

2 

16 

94 

Nais  spp. 

3 

6 

2 

9 

13 

33 

Ilyodrilus  templetoni 

2 

1 

2 

5 

10 

Chrysops  sp. 

1 

1 

Chironomid  sp.  3 

1 

1 

Cryptochironomus  sp. 

4 

1 

1 

1 

1 

8 

Chironomus  spp. 

2 

3 

1 

1 

1 

3 

11 

Dicrotendipes  nervosus 

1 

1 

Corbieula  manilensis  (small) 

1 

2 

2 

5 

Coleoptera 

2 

1 

3 

Polypedilum  sp. 

1 

1 

Gammarus  fasciatus 

2 

2 

Chrysomelidae 

2 

1 

3 

Limnodrilus  cervix 

1 

1 

Helobdella  stagnalis 

1 

1 

(Continued) 


C22 


Stratum  R3  - April  1977 


r 


Limnodri lus  spp . 

Limnodrilus  hof  fmei steri 
Limnodri lus  profundicola 
Nais  spp . 

Procladius  bellus 
CK  i ro nonius  spp. 

Pc 1 oscolex  multisetosu s 
Cryptochl ronomus  sp. 

Lumberl lculidae 

Corbicula  man  Hens  is  (small) 

I lyodrllus  tompletoni 

Coleoptera 

Palpomy ia  sp . 

Chrysomel idae 
Pe Iosco le x f rey i 
Pseudochi ronomus  sp. 

Donacia  sp. 


Stratum  R4  - April  1977 


Pe Iosco lex  multi  set osus 
Peloscolex  frevi 
Limnodrilus  spp. 

Limnodrilus  hof fmei  steri 
I lvodri lus  "tempi etoni 
Nais  spp. 

Co  7b  i cula  man i lens is  ( sma 1 1 ) 
Coelotanvpus  scapulliris 
Chi  ronomus  srg7l 
T any pus  sp . 

Cryptochi ronomus  sp . 

Cammarus  f'asciatus 
Caen i s sp . 

Chironomid  sp.  3 
Polypedilum  sp . 

Dcro  dlgitata 

Corbicula  manilensis  (large) 


1 

2 

3 

4 

5 

6 

7 

_8 

Tot  a 1 s 

4 

3 

3 

25 

46 

12 

7 

100 

4 

3 

25 

65 

10 

3 

no 

2 

2 

7 

4 

3 

14 

1 

1 

1 

1 

1 

2 

3 

1 

1 

1 

1 

1 

8 

4 

1 

14 

11 

11 

3 

3 

1 

1 

3 

3 

1 

1 

1 

1 

1 

3 

4 

1 

2 

3 

4 

5 

6 

7 

8 

Totals 

1 

3 

4 

1 

9 

2 

4 

4 

4 

2 

6 

22 

7 

1 

8 

6 

20 

9 

1 

5 

57 

1 

3 

2 

2 

8 

4 

8 

2 

14 

2 

1 

3 

o 

1 

8 

1 

12 

3 

1 

4 

1 

3 

2 

1 

7 

3 

1 

1 

1 

3 


3 

1 

1 

1 

3 

1 


(Continued) 


Stratum  R5  - April  1977 


1 2 

3 

_4 

3 6 

7 

8 

Tot a 1 s 

Llmnodrilus  spp. 

7 32 

1 

1 1 

22 

18 

46 

137 

Llmnodrilus  hof fmoister i 

3 

18 

21 

Knchy traeidao 

27  12 

8 

21 

13 

68 

131 

Prostoma  rubrum 

6 

6 

3 

17 

Tlyodrilus  templetoni 

9 

17 

26 

P seudoch i ronomus  sp . 

1 

1 

Corbicula  manilensis  (small) 

l 

1 

1 

3 

Tublfex  spp. 

Neils  spp. 

1 

1 

1 

1 

Stratum  El  - July  1977 

1 2 3 

4 5 6 7 

8 

Tot  a 1 

Llmnodrilus  spp. 

2 

41 

417 

460 

1 . i mnodr i lus  ho  f f me 1st or i 

2 

10 

8 

20 

Limnodri lus  pro fundi col  a 

4 

8 

1 

13 

Enchytraeidae 

14 

5 3 

9 > 

Peloscolex  frovi 

1 

1 

I.imnodrilus  cervix 

8 

8 

Nais  spp. 

1 

1 

ilyodrilus  templetoni 

1 

10 

1 1 

Branchiura  sowerbvi 

1 

75 

76 

Arachnid 

1 

1 

Palpomyia  sp . 

? 

5 7 

14 

1 sotomldae 

1 

1 

Phvsa  sp. 

2 

8 

10 

Coleoptqra 

3 

3 

Helobdella  punctata lineata 

i 

1 

Lvmnaea  stagnalis 

1 

1 

Tanypus  sp. 

108 

108 

(font  1 nut'd) 
C24 


r 


Stratum  E2  - July  1977 


1 

2 

3 

4 

5 

6 

7 

8 

To  t a 

Limnodrilus  spp. 

127 

77 

144 

92 

132 

95 

124 

64 

855 

L i mnod r i 1 us  ho  f f me i s t or i 

8 

13 

29 

2 

6 

4 

62 

Limnodrilus  profund i col  a 

3 

1 

4 

Branchiura  sowerbyi 

17 

9 

10 

16 

15 

12 

22 

32 

133 

Limnodrilus  cervix 

13 

4 

23 

7 

36 

10 

5 

100 

Ilvodrilus  tempi etoni 

3 

5 

14 

7 

3 

7 

19 

4 

62 

Nais  sp. 

1 

1 

2 

Peloscolex  frevi 

2 

2 

Pseudochironomus  sp. 

1 

1 

Ch  i r o nomu  s s p . 

14 

14 

Dicrotendipes  nervosus 

2 

2 

Tanvpus  sp. 

14 

12 

35 

22 

88 

n 

146 

175 

503 

Corhicula  manilensis  (small) 

5 

15 

4 

24 

Physa  sp. 

3 

3 

Spnaerium  transversum 

12 

12 

Palpomyia  sp. 

4 

3 

7 

Stratum  E4  - July  1977 


Limnodri  lus  spp. 

Limnodri  lus  hof  fmei  stor  i 
l.imnodri  lus  cervi  x 
Ilvodrilus  tempi etoni 
Branchiura  sowerbyi~ 
Pe^oscolex  frevi 
Physa  syT 

Corbicula  mani leasts  ( sma 1 1 ) 
Tanvpus  sp . 

Chironomus  sp . 

Picrotendipes  nervosus 
Coelotanypus  scapularis 


1 

2 

3 

4 

5 

6 

7 

8 

Tot  a 

96 

75 

130 

18 

100 

29 

117 

80 

645 

7 

13 

1 

5 

12 

9 

3 

50 

15 

3 

5 

1 

3 

3 

9 

39 

5 

13 

2 

1 

9 

8 

38 

11 

44 

64 

53 

26 

43 

241 

1 

1 

1 

2 

3 

1 

4 

1 

6 

4 

13 

20 

4 

5 

6 

17 

23 

92 

46 

13 

34 

28 

2 

123 

3 

5 

4 

3 

15 

3 

20 

23 

(font  i nued ) 


d 


c:  s 


Stratum  E5  - July  1977 


1 2 3 


5 6 7 8 


Totals 


l.imnodr  i lus  spp . 
l.imnodri  lus  hof  fmei  ster  1 
Nais  spfT 

AuTodrilus  pi^ueti 
l.imnodrilus  cervix 
Branchiura  sowerbyi 
ltvodrilus  tempi etoni 
Corb  i e u 1 a ma n i I on  sTs  ( sma  1 1 ) 
Goelotanypus  scapular i s 
Tnnypus  sp . 

Chironomus  spp. 

Cryptochi ronomus  sp. 

Po typed ilum  sp. 
Dicrotendipes  nervosus 
Stictochironomus  sp~ 

Spider 

Pseudochi ronomus  sp . 
Palpomvla  sp. 

Gammarus  f aseiatus 


5 

1 

2 

l 


1 5 

2 

6 12 
10  38 

1 1 
3 4 

2 

1 


5 46 
18 


12 

1 

8 

6 

6 26 

4 15 
5 

1 


1 

6 

5 

5 2 

4 

4 1 

2 

8 22 
1 


1 


1 

7 2 

1 4 

2 12 

5 3 
8 

5 21 
1 


58 

25 

2 

4 

12 

6 

1 

30 

2 

29 

98 

2 

39 

17 

1 

1 

56 

1 

1 


Stratum  E6  - July  1977 


1 

2 

3 

4 

5 

6 

7 

8 

Total 

l.imnodr i lus  spp. 

5 

15 

17 

2 

2 

2 

43 

Branch iura  sowerbyi 

1 

1 

ITLyodrilus  templetoni 

1 

1 

Corbicula  manilensis  (small) 

23 

4 

27 

6 

8 

2 

15 

8 

93 

Tanypus  sp. 

l 

2 

1 

2 

1 

7 

Stictochironomus  sp. 

t 

1 

Cryptocbironomus  sp. 

1 

1 

1 

1 

2 

6 

Polypedilum  sp . 

Coelotanypus  scapularis 

9 

5 

2 

2 

2 

9 

11 

13 

53 

4 

1 

1 

1 

7 

(Chironomus  spp. 

6 

6 

1 

3 

5 

1 

6 

28 

Dicrotendipes  nervosus 

3 

2 

6 

11 

Procladius  bellus 

1 

1 

eorbicula  ~,anilonr. ir  (larpe) 

1 

1 

(Cont i nued) 


C2t> 


Stratum  E7  - July  1977 


12  3 4 3 6 7 8 Totals 


Limnodrilus  spp. 

3 

2 

5 

14 

5 

2 

1 

4 

36 

Limnodrilus  hoffmeisteri 

4 

10 

4 

1 

1 

20 

Nais  spp. 

2 

2 

Enehy traeidae 

2 

2. 

Corbicula  manilensis  (small) 

3 

6 

4 

2 

2 

9 

2 

38 

Chironomus  spp. 

3 

9 

17 

29 

Polypedilum  sp. 

17 

8 

3 

11 

28 

7 

5 

1 

80 

Pseudochironomus  sp. 

7 

3 

2 

12 

Palpomyia  sp. 

1 

1 

Dicrotendipes  nervosus 

4 

7 

11 

Procladius  bellus 

1 

1 

Coelotanypus  scapularis 

2 

2 

c 

Tanypus  sp. 

5 

J 

1 

Cryptochironomus  sp. 

1 

1 

1 

Cricotopus  sp. 

1 

1 

Stratum  R1  - July  1977 

1 

2 

3 

4 

5 

6 

7 

8 

Totals 

Limnodrilus  spp. 

3 

27 

6 

W 

38 

46" 

Limnodrilus  hoffmeisteri 

6 

1 

6 

14 

1 

5 

33 

Peloscolex  multi setosus 

12 

1 

15 

7 

11 

2 

48 

Tlyodrilus  templetoni 

1 

2 

21 

6 

5 

20 

19 

74 

Aulophorus  sp. 

6 

3 

9 

Dero  digitata 

7 

31 

2 

40 

Aulodrilus  pigueti 

2 

1 

3 

Enchytraeidae 

8 

12 

20 

Limnodrilus  profundicola 

1 

1 

2 

Peloscolex  freyi 

2 

2 

Spider 

1 

1 

Smynthuridae 

1 

4 

5 

Helobdella  elongata 

2 

5 

16 

3 

26 

Helobdella  stagnalis 

1 

1 

2 

Physa  sp. 

1 

2 

3 

Chrysops  sp. 

1 

1 

Trichocorixa  sp. 

4 

8 

12 

Hydrophorus  sp. 

4 

26 

2 

32 

Tanypus  sp. 

10 

4 

20 

1 

12 

47 

Tany tarsus  sp. 

2 

o 

1 

5 

Coelotanypus  scapularis 

1 

3 

1 

1 

1 

7 

Cricotopus  sp. 

2 

1 

3 

Asellus  sp. 

1 

6 

7 

Polypedilum  sp . 

3 

1 

4 

Pisidium  sp. 

17 

5 

60 

82 

Coleoptera 

5 

5 

Donacia  sp. 

2 

2 
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Stratum  R2  - July  1977 


Limnodrilus  spp . 
llyodrilus  templetoni 
Limnodrilus  profundieola 
Peloscolex  multisetosus 
Dero  digitata 
Aulodrilus  pigueti 
Peloscolex  freyi 
Limnodrilus  hof fmeisteri 
Nais  sp . 

Helobdella  stagnalis 
Helobdella  elonp,ata~ 
Coelotanypus  scapularis 
Pseudochironomus  sp . 

Chrysops  sp . 

Tanypus  sp . 

Chironomus  spp . 

Trichocorixa  sp. 

Procladius  bellus 
Corbieula  manllensis  (small) 
Physa  sp. 

Hyalella  azteca 
CryptoclaJopeTma  sp . 
Cryptoehironomus  sp . 
Hydrophorus  sp. 


Stratum  R3  - July  1977 


Limnodrilus  spp. 

Limnodrilus  hoffmeisteri 
Aulodrilus  spiT] 
llyodrilus  templetoni 
Dero  digitata 
Peloscolex  freyi 
Peloscolex  multisetosus 
Chrysops  sp. 

Procladius  bellus 
Cryptoehironomus  sp . 
Tanytarsus  sp . 

Polypedi lum  sp. 

Coelotanypus  scapularis 
CfT  ironomus  spp . 

Pi crotendipes  nervosus 
Harnischia  sp] 

Glyptotendipes  sp . 

Tanypus  sp . 

Corbieula  manilensis  (small) 
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Stratum  R4  - July  1977 


Limnodri lus  spp. 

Limnodrilus  hoffmeisteri 
Peloscolex  multisetosus 
ilyodrllus  templetoni 
Stylaria  lacustris 
Aulodrllus  piquet! 

Nais  spp . 

Helobdella  elongata 
Corbicula  manilensis  (small) 
Dicrotendipes  nervosus 
Tanytarsus  sp. 

Chironomus  spp. 

Polypedilum  sp . 
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Cryptochironomus  sp . 
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Pisidlum  sp. 
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Harni schia  sp . 
Cryptoeladopelma  sp . 


Stratum  R5  - July  1977 


Limnodri lus  spp. 

Llmnodrilus  hoffmeisteri 
Branchiura  sowerbyi 
Dero  digitata 
Ferrjssia  sp . 

Corbicula  manilensis  (small) 
Sphaerium  transversum 
Caenis  sp . 

Limnaea  stagnalis 
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Pseudochironomus  sp. 
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Coelotanypus  scapularis 
Polypedilum  sy~. 

Tanytarsus  sp. 

Dicrotendipes  nervosus 
Cry tocladopelma  sp. 
Chironomus  spp. 

Harnischia  sp. 
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Totals 


Exclosure  Cage  L'6  - July  1977 
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Table  D1  (Concluded) 
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Table  D5  (Concluded) 


Table  El 

Communitv  Structure  Parameters  for  July  1 9 7 (> 


Stratum/ 

Replicate 

Number  of 
Individuals 

Species 

Diversity 

(H') 

Evenness 

(J*) 

Species  Richness 
(SR) 

El-1 

206 

8 

1.22 

0.40 

1.00 

2 

20 

4 

1. 78 

0.54 

0.98 

3 

15 

4 

1.78 

0.89 

1.11 

4 

13 

3 

1.24 

0.78 

0.78 

5 

124 

5 

0.97 

0.42 

0.83 

6 

3 

1 

0.0 

0.0 

0.0 

7 

24 

5 

1.87 

0.80 

1.26 

8 

9b 

5 

0.82 

0.35 

0.88 

E2-1 

59b 

9 

1.79 

0.56 

1.25 

2 

104 

6 

1.51 

0.58 

1.08 

3 

253 

7 

1.65 

0.59 

1.08 

4 

924 

11 

1.35 

0.39 

1.46 

5 

205 

7 

1.64 

0.58 

1.13 

6 

225 

6 

1.10 

0.42 

0.92 

7 

713 

6 

1.22 

0.47 

0.76 

8 

172 

10 

2.14 

0.43 

1.74 

E3-1 

103 

8 

2.32 

0.77 

1.51 

2 

69 

8 

1.84 

0.61 

1.65 

3 

248 

7 

1.42 

0.50 

1.09 

4 

126 

9 

2.21 

0.70 

1.65 

5 

115 

6 

1.85 

0.72 

1.05 

6 

105 

7 

1.49 

0.53 

1.29 

7 

175 

7 

1.58 

0.56 

1.16 

8 

138 

6 

1.80 

0.38 

1.01 

E4-1 

110 

6 

0.76 

0.29 

1.06 

2 

135 

9 

1.50 

0.47 

1.63 

3 

124 

5 

1.56 

0.67 

0.83 

4 

98 

b 

1.50 

0.58 

1.09 

5 

58 

6 

1.82 

0.70 

1.23 

6 

156 

7 

1.18 

0.42 

1.19 

7 

227 

9 

2.10 

0.67 

1.45 

8 

93 

7 

2.46 

0.88 

1.32 

E3-1 

34 

3 

0.38 

0.24 

0.57 

2 

112 

9 

2.35 

0.74 

1.70 

3 

29 

6 

2.08 

0.80 

1.48 

4 

85 

9 

2.76 

0.87 

1.80 

5 

163 

9 

1.78 

0.56 

1.57 

b 

13 

4 

1.74 

0.87 

1.17 

7 

39 

9 

2.58 

0.81 

2.18 

8 

29 

7 

2.37 

0.84 

1.78 

(Cent  inuodl 
E2 


Table  1:1  (Continued) 


Stratum/ 

Replicate 

Number  of 
Individuals 

Species 

Diversity 

(H') 

Evenness 

(O’) 

Species  Richness 
(SR) 

E6-1 

8b 

8 

1.78 

0.59 

1.57 

2 

120 

5 

1.63 

0.  70 

0.84 

3 

6b 

7 

2.0b 

0.  73 

1.43 

4 

55 

7 

2.04 

0.73 

1.50 

3 

97 

10 

2 . 40 

0.72 

1.97 

6 

55 

11 

2.96 

0.85 

2.50 

7 

51 

8 

2. 22 

0.74 

1.78 

8 

60 

7 

1.90 

0.68 

1.46 

E7-1 

13 

4 

1.78 

0.89 

1.17 

2 

19 

5 

1.96 

0.84 

1.36 

3 

6 

3 

1.46 

0.92 

1.12 

4 

2 

1 

0.0 

0.0 

0.0 

3 

2 

2 

1.00 

1.00 

1.44 

6 

3 

3 

1.58 

1.00 

1.82 

7 

3 

2 

0.92 

0.92 

0.91 

8 

8 

4 

1.81 

0.90 

1.44 

Rl-1 

155 

8 

1.94 

0.65 

1.39 

2 

49 

9 

2.14 

0.67 

2.06 

3 

43 

5 

1.61 

0.69 

1.06 

4 

16 

3 

1.12 

0.71 

0.72 

5 

60 

7 

2.04 

0.73 

1.46 

6 

25 

3 

0.76 

0.48 

0.62 

7 

68 

11 

3.07 

0.89 

2.37 

8 

20 

7 

2.16 

0.77 

2.00 

R2-1 

16 

4 

1.68 

0.84 

1.08 

2 

37 

3 

1.20 

0.76 

0.55 

3 

29 

6 

1.48 

0.57 

1.48 

4 

38 

7 

1.98 

0.70 

1.65 

5 

14 

6 

2.22 

0.86 

1.89 

6 

196 

12 

1.91 

0.53 

2.08 

7 

95 

7 

1.84 

0.66 

1.32 

8 

33 

8 

1 . 46 

0.49 

2.00 

R3-1 

29 

7 

1.51 

0.54 

1.78 

2 

30 

6 

1.41 

0.55 

1.47 

3 

20 

4 

1.64 

0.82 

1.00 

4 

32 

8 

2.43 

0.81 

2.02 

5 

15 

5 

1.56 

0.67 

1.48 

6 

26 

6 

2.08 

0.81 

1.54 

7 

28 

4 

1.10 

0.55 

0.90 

8 

3 

1 

0.0 

0.0 

0.0 

(Cent inued) 
E3 


Table  El  (Concluded) 


Stratum/ 

Replicate 

Number  of 
Individuals 

Species 

Diversity 

(H') 

Evenness 

(■>’) 

Species  Richness 
(SR) 

1 

2* 

18 

6 

2.  AA 

0.9A 

1.73 

3 

A 

0 

0.81 

0.81 

0.72 

A 

3 

1 

0.0 

0.0 

0.0 

5 

A2 

7 

1.81 

0.6A 

1.60 

7 

16 

5 

1.72 

0.7A 

l.AA 

8 

29 

5 

1.10 

0.90 

1.19 

R5-1 

30 

A 

0.88 

0.  AA 

0.88 

? 

25 

6 

1.98 

0.77 

1.55 

3 

30 

6 

2.01 

0.78 

1.A7 

A 

53 

5 

1.A9 

0.6A 

1.01 

5 

25 

7 

2.19 

0.  78 

1.86 

6 

56 

A 

1.02 

0.51 

0.  7 A 

7 

31 

5 

1.76 

0.76 

1.16 

8 

7A 

6 

2.16 

0.8A 

1.16 

*Lost  sample 


Table  E2 

Community  Structure  Parameters  for  November  1976 


Stratum/ 

Replicate 

Number  of 
Individuals 

Species 

Diversity 

(H') 

Evenness 

(J’) 

Species  Richness 
(SR) 

El-1 

80 

8 

1.66 

0.55 

1.60 

2 

14 

4 

1.09 

0.54 

1.14 

3 

21 

5 

1.97 

0.85 

1.31 

4 

11 

3 

1.35 

0.85 

0.83 

5 

54 

4 

1.12 

0.56 

0.75 

6 

14 

4 

1.57 

0.79 

1.14 

7 

7 

3 

1.56 

0.98 

1.03 

8 

116 

6 

1.75 

0.78 

1.05 

E2-1 

91 

7 

1.82 

0.65 

1.33 

2 

122 

7 

1.26 

0.45 

1.25 

3 

119 

8 

1.48 

0.50 

1.46 

4 

123 

7 

1.56 

0.55 

1.25 

5 

98 

6 

1.65 

0.64 

1.09 

6 

72 

9 

1.96 

0.62 

1.87 

7 

58 

5 

1.58 

0.68 

0.98 

8 

36 

7 

1.44 

0.51 

1.67 

E4-1 

143 

6 

1.18 

0.46 

1.01 

■ 2 

103 

5 

1.06 

0.46 

0.86 

3 

46 

5 

1.49 

0.64 

1.04 

4 

65 

9 

2.41 

0.76 

1.92 

5 

62 

5 

1.21 

0.52 

0.97 

6 

71 

9 

2.28 

0.72 

1.88 

7 

84 

7 

1.55 

0.55 

1.35 

8 

45 

7 

1.84 

0.66 

1.58 

E5-1 

46 

4 

1.24 

0.62 

0.78 

2 

56 

2 

1.00 

1.00 

0.25 

3 

71 

7 

1.95 

0.69 

1.41 

4 

52 

6 

1.60 

0.62 

1.26 

5 

49 

4 

1.24 

0.62 

0.77 

6 

47 

6 

1.55 

0.60 

1.30 

7 

35 

8 

2.09 

0.70 

1.97 

8 

73 

4 

0.91 

0.45 

0.70 

E6- 1 

44 

4 

1.23 

0.61 

0.79 

42 

7 

2.21 

0.79 

1.60 

35 

4 

1.18 

0.59 

0.84 

42 

5 

1.69 

0.73 

1.07 

48 

6 

1.66 

0.64 

1.29 

75 

4 

1.60 

0.90 

0.69 

52 

7 

1.72 

0.61 

1.52 

4 

1.42 

0.71 

0.86 

(Cont inued) 


F.5 


Tab  It1  E2  (Continued) 


Stratum/ 


Number  of 


Individuals  Species 


Diversity  Evenness  Species  Richness 
(H’> LUi (SR)  


E7-1 

36 

3 

0.36 

0.23 

0.56 

2 

16 

A 

1.19 

0.59 

1.08 

3 

A7 

2 

0.25 

0.25 

0.26 

4 

7 

2 

0.98 

0.98 

0.51 

5 

21 

2 

0.28 

0.28 

0.  33 

6 

30 

2 

0.1A 

0.1A 

0.26 

7 

51 

1 

0.0 

0.0 

0.0 

8 

25 

5 

4. 

0.  AO 

0.  A0 

0.31 

Rl-1 

67 

8 

2 . 30 

0.77 

1 . 66 

2 

128 

12 

2.69 

0.75 

2.27 

3 

18 

6 

1.83 

0.71 

1.73 

A 

A3 

9 

1.7A 

0.55 

2.13 

5 

16 

A 

1.75 

0.87 

1.08 

6 

30 

6 

1.30 

0.  50 

1.A7 

7 

12 

7 

2.52 

0.90 

2.41 

8 

13 

7 

2.03 

0.79 

1.95 

R2-1 

86 

11 

2.57 

0.  7 A 

2. 24 

2 

52 

6 

1.70 

0.66 

1.26 

3 

2 5 

6 

2 . A 1 

0.91 

1 .56 

A 

38 

A 

1.5A 

0.77 

0.82 

5 

2A 

10 

3.01 

0.91 

2.83 

6 

26 

5 

1.3A 

0.58 

1.23 

1 

29 

6 

1.96 

0.  76 

1.A8 

8 

36 

8 

2 . 64 

0.88 

1.95 

R3-1 

25 

8 

2 . A 7 

0.82 

2.17 

2 

25 

7 

2.A5 

0.87 

1.86 

3 

15 

5 

2.02 

0.87 

1 .48 

A 

22 

5 

1.8A 

0.79 

1.29 

5 

28 

6 

2.06 

0.80 

1.50 

6 

20 

7 

2.53 

0.90 

2.00 

7 

12 

8 

2.86 

0.95 

2.82 

8 

11 

6 

2.22 

0.86 

2.08 

R4-1 

35 

6 

1.91 

0.  7 A 

1 .41 

2 

20 

6 

2.08 

0.81 

1.67 

3 

20 

6 

2.16 

0.8A 

1.67 

A 

21 

8 

2.53 

0.8A 

2.30 

3 

10 

5 

1.12 

0.91 

1.7A 

6 

A5 

10 

2.55 

0.77 

2.36 

7 

12 

5 

1.9b 

0.8A 

1.61 

8 

8 

6 

2.40 

0.93 

2. 40 

(Cent i nued ) 

Kb 


Table  H3 


Community  Structure  Parameters  for  January  1977 


Stratum/ 

Replicate 

Number  of 
Individuals 

Species 

Diversity 

(H’) 

Evenness 

O') 

Species  Rich- 
ness (SR) 

El-1 

28 

5 

2.02 

0.87 

1.20 

2 

2 

1 

0.0 

0.0 

0.0 

3 

16 

4 

1.68 

0.84 

1.08 

4 

2 

2 

1.00 

1.00 

1.44 

5 

0 

0 

0.0 

0.0 

0.0 

6 

2 

1 

0.0 

0.0 

0.0 

7 

23 

4 

1.70 

0.85 

0.96 

8 

1 

1 

0.0 

0.0 

0.0 

E2-1 

39 

3 

1.34 

0.85 

0.55 

2 

53 

4 

1.62 

0.81 

0.76 

3 

23 

3 

1.52 

0.96 

0.64 

4 

8 

3 

1.30 

0.82 

0.96 

5 

24 

3 

1.19 

0.75 

0.63 

6 

20 

3 

1.16 

0.73 

0.67 

7 

17 

3 

1.25 

0.79 

0.71 

8 

29 

3 

1.44 

0.91 

0.59 

E4-1 

9 

4 

1.66 

0.83 

1.37 

2 

4 

2 

1.00 

1.00 

0.72 

3 

136 

8 

1.85 

0.62 

1.43 

4 

5 

2 

0.72 

0.72 

0.62 

5 

8 

2 

0.81 

0.81 

0.48 

6 

17 

3 

1.26 

0.80 

0.71 

7 

57 

5 

1.44 

0.62 

0.99 

8 

56 

6 

2.20 

0.85 

1.24 

E5-1 

0 

0 

0.0 

0.0 

0.0 

2 

0 

0 

0.0 

0.0 

0.0 

3 

25 

2 

0.99 

0.99 

0.31 

4 

1 

1 

0.0 

0.0 

0.0 

5 

1 

1 

0.0 

0.0 

0.0 

6 

0 

0 

0.0 

0.0 

0.0 

7 

0 

0 

0.0 

0.0 

0.0 

8 

20 

3 

1.44 

0.91 

0.67 

E6-1 

6 

1 

0.0 

0.0 

0.0 

2 

2 

2 

1.0 

1.0 

1.44 

3 

0 

0 

0.0 

0.0 

0.0 

4 

3 

2 

0.92 

0.92 

0.92 

5 

5 

3 

1.37 

0.86 

1.24 

6 

25 

2 

0.90 

0.90 

0.31 

7 

1 

1 

0.0 

0.0 

0.0 

8 

13 

14 

1.76 

0.88 

1.17 

(Cont i nued) 


Table  F.3  (Continued) 


Stratum/  Number  of Diversity  Evenness  Species  Rtch- 


Rep  licate 

individuals 

Species 

(H') 

(-)')  

ness  (SR) 

E7-1 

9 

3 

1.39 

0.88 

0.91 

2 

4 

9 

0.81 

0.81 

0.72 

3 

1 

1 

0.0 

0.0 

0.0 

4 

10 

3 

0.92 

0.58 

0.87 

5 

1 

1 

0.0 

0.0 

0.0 

6 

"7 

7 

tV 

4 

1.84 

0.92 

1.54 

/ 

8 

0 

0 

0.0 

0.0 

0.0 

Rl-1 

11 

6 

9 92 

0.86 

2.09 

2 

25 

10 

2.71 

0.82 

2.80 

3 

44 

9 

2.71 

0.85 

2.11 

4 

23 

7 

2.47 

0.88 

1.91 

3 

27 

5 

1.62 

0.70 

1.21 

6 

90 

11 

2.54 

0.73 

2.22 

7 

83 

12 

2.74 

0.76 

2.49 

8 

58 

12 

2.60 

0.73 

2.71 

R2- 1 

86 

9 

2 .42 

0.76 

1.80 

9 

133 

7 

1.93 

0.69 

1.23 

3 

150 

8 

2.13 

0.71 

1.40 

4 

111 

5 

1.99 

0.86 

0.85 

5 

136 

10 

2.01 

0.60 

1.83 

6 

28 

7 

2.12 

0.75 

1.80 

7 

63 

5 

2.01 

0.86 

0.97 

8 

265 

9 

2 . 32 

0.73 

1.43 

R3-1 

31 

10 

3.17 

0.95 

2.62 

2 

35 

8 

2.71 

0.90 

1.97 

3 

41 

9 

2.92 

0.92 

2.15 

4 

34 

8 

2.46 

0.82 

1.98 

5 

34 

6 

2.27 

0.88 

1.42 

6 

54 

9 

2.40 

0.76 

2.01 

7 

69 

7 

1.91 

0.68 

1.42 

8 

40 

7 

2.35 

0.84 

1.63 

R4-1 

38 

9 

2.69 

0.85 

2.20 

2 

20 

6 

2.30 

0.89 

1.67 

3 

185 

14 

1.45 

0.38 

2.49 

4 

61 

8 

2.19 

0.73 

1.70 

5 

51 

9 

2.66 

0.84 

2.03 

6 

76 

15 

3.07 

0.79 

3.23 

7 

58 

10 

2 . 30 

0.69 

9 9 9 

8 

19 

7 

2.58 

0.92 

2.04 

(Cont i mied) 


K9 


Table  1:3  (Concluded) 


Stratum/ 

Replicate 

Number  of 
Individuals 

Species 

Diversity 
(H ' ) 

Evenness 

(.]') 

Species  Rich- 
ness (SR) 

R5-1 

2 

1 

0.0 

0.0 

0.0 

2 

4 

2 

0.81 

0.81 

0.72 

3 

27 

6 

1.38 

0.53 

1.52 

4 

22 

8 

2.55 

0.85 

2.26 

5 

32 

6 

1.37 

0.53 

1.44 

6 

17 

7 

2.66 

0.95 

2.12 

7 

18 

4 

1.61 

0.81 

1.04 

8 

14 

6 

2.22 

0.86 

1.89 

* Lost  Sample. 


E I 0 


Table  E4 


Community  Structure  Parameters  for  April  1977 


Stratum/ 

Number  of 

Diversity 

Evenness 

Species  Rich- 

Replicate 

Individuals 

Species 

an 

ness  (SR) 

El-1 

43 

1 

0.0 

0.0 

0.0 

2 

9 

2 

0.50 

0.50 

0.46 

3 

64 

4 

1.25 

0.62 

0.72 

4 

67 

3 

0.37 

0.24 

0.48 

5 

121 

5 

0.72 

0.31 

0.83 

6 

52 

2 

0.14 

0.14 

0.25 

7 

8 

E2-1 

4 

* 

2 

0.81 

0.81 

0.72 

120 

3 

1.21 

0.76 

0.42 

2 

53 

3 

1.25 

0.79 

0.50 

3 

33 

7 

1.59 

0.57 

1.72 

4 

14 

4 < 

. 1.43 

0.71 

1.14 

5 

95 

4 

1.52 

0.76 

0.66 

6 

34 

3 

1.49 

0.94 

0.57 

7 

23 

3 

1.21 

0.76 

0.64 

8 

56 

2 

0.97 

0.97 

0.25 

E4-1 

106 

9 

2.36 

0.74 

1.72 

2 

155 

8 

2.16 

0.72 

1.39 

3 

361 

6 

2.21 

0.85 

0.85 

4 

53 

7 

1.82 

0.65 

1.51 

5 

241 

5 

1.97 

0.85 

0.73 

6 

149 

5 

1.90 

0.82 

0.80 

7 

205 

7 

2.06 

0.73 

1.13 

8 

51 

5 

1.63 

0.70 

1.02 

E5-1 

18 

3 

0.61 

0.39 

0.69 

2 

18 

4 

1.91 

0.95 

1.04 

3 

2 

1 

0.0 

0.0 

0.0 

4 

5 

2 

0.97 

0.97 

0.62 

5 

23 

3 

1.26 

0.80 

0.64 

6 

13 

3 

0.99 

0.63 

0.78 

7 

13 

3 

1.24 

0.78 

0.78 

8 

5 

4 

1.92 

0.96 

1.86 

E6-1 

1 

1 

0.0 

0.0 

0.0 

2 

30 

6 

2.19 

0.81 

1.47 

3 

3 

1 

0.0 

0.0 

0.0 

4 

6 

3 

1.25 

0.79 

1.12 

5 

5 

5 

2.32 

1.00 

2.49 

6 

0 

0 

0.0 

0.0 

0.0 

7 

7 

3 

1.38 

0.87 

1.03 

8 

8 

4 

1.75 

0.87 

1.44 

(Continued) 

Ell 


Table  1:4  (Continued) 


Stratum/  Number  of  Diversity  Evenness  Species  Ricb- 


Rep llcate 

Individuals 

Spec ies 

(H’) 



ness  (SR) 

E7-1 

13 

4 

1.71 

0.85 

1 . 1 

2 

0 

0 

0.0 

0.0 

3 

24 

3 

1.20 

0.75 

0.63 

4 

3 

3 

1.37 

0.86 

1.24 

3 

3 

0 

0.92 

0.92 

0.91 

b 

1 

1 

0.0 

0.0 

0.0 

7 

1 

1 

0.0 

0.0 

0.0 

8 

29 

5 

1.80 

0.78 

1.39 

Rl-1 

20 

8 

2.71 

0.90 

2.34 

9 

69 

5 

2.24 

0.96 

0.94 

3 

115 

8 

1.90 

0.63 

1.48 

4 

3 

2 

0.92 

0.92 

0.91 

5 

165 

7 

2.18 

0.78 

1.18 

6 

29 

5 

1.98 

0.85 

1.19 

7 

25 

5 

2.03 

0.88 

1.24 

8 

20 

6 

2.02 

0.78 

1.67 

R2- 1 

26 

4 

1 . 72 

0.81 

0.86 

9 

56 

8 

2.32 

0.77 

1 . 74 

3 

31 

8 

2.36 

0 . 79 

2.04 

4 

49 

9 

2.42 

0.76 

2.06 

5 

115 

10 

2.35 

0.71 

1.90 

6 

53 

8 

2.00 

0.67 

1.76 

7 

13 

5 

1.70 

0.73 

1 . 56 

8 

46 

4 

1.37 

0.69 

0.78 

R3-1 

13 

4 

1.57 

0.79 

1.17 

2 

__ 

_ 





3 

10 

4 

1.85 

0.92 

1 . 30 

4 

8 

4 

1.81 

0.91 

1.44 

3 

54 

5 

1.42 

0.61 

1.00 

6 

119 

3 

1.27 

0.80 

0.42 

7 

48 

8 

2.67 

0.90 

1.81 

8 

16 

6 

2.18 

0.84 

1.80 

R4-1 

23 

9 

2.85 

0 . 90 

2.55 

9 

7 

4 

1 . 66 

0.83 

1 . 54 

3 

20 

6 

2.25 

0.87 

1.67 

4 

31 

9 

2.86 

0.90 

2.33 

5 

36 

5 

1.72 

0.74 

1.12 

6 

17 

6 

2.06 

0.80 

1.76 

7 

8 

3 

1.06 

0.67 

0 . 96 

8 

9 

4 

1.66 

0.83 

1.37 

(Cont inuod) 


Table  E4  (Concluded) 


Stratum/ 
Repl icate 

Number  of 
Individuals 

Species 

Diversity 
(H ' ) 

Evenness 

O') 

Species  Rich- 
ness (SR) 

R5-1 

34 

2 

0.73 

0.29 

0.28 

2 

63 

6 

1.98 

0.78 

1.21 

3 

10 

3 

0.92 

0.28 

0.87 

4 

33 

4 

1.60 

0.61 

0.86 

5 

1 

1 

0.0 

0.0 

0.0 

6 

58 

4 

1.67 

0.67 

0.74 

7 

39 

3 

1.46 

0.57 

0.55 

8 

120 

4 

1.24 

0.62 

0.63 

* Lost  Sample. 


El  1 


Table  F5 


4 


Community  Structure  Parameters  for  July  1977 


Stratum/ 

Replicate 

Number  of 
Individuals  Sp 

ecies 

Diversity 

(H’> 

Evenness 

(J1) 

Species  Rich- 
ness (SR) 

El-1 

0 

0 

0.0 

0. 0 

0.0 

2 

10 

4 

1.92 

0.96 

1.30 

3 

17 

3 

0.83 

0.52 

0.71 

4 

7 

0 

0.86 

0.86 

0.51 

3 

18 

6 

2.17 

0.84 

1.73 

6 

3 

1 

0.00 

0.00 

0.00 

7 

71 

8 

1.91 

0.64 

1.64 

8 

629 

9 

1.49 

0.47 

1.24 

E2-1 

185 

7 

1.60 

0.57 

1.15 

2 

128 

8 

2.01 

0.67 

1.44 

3 

263 

9 

2 . 12 

0.67 

1.44 

4 

144 

5 

1.60 

0.69 

0.80 

5 

307 

10 

2.20 

0.66 

1.57 

6 

158 

10 

2.13 

0.64 

1.78 

7 

303 

5 

1.52 

0.65 

0.70 

8 

279 

5 

1.44 

0.62 

0.71 

E4-1 

188 

9 

2.09 

0.66 

1.53 

2 

162 

7 

2.05 

0.73 

1.18 

3 

4 

10 

1.62 

0.49 

1.73 

4 

81 

6 

2.01 

0.78 

1.14 

5 

178 

6 

1.43 

0.55 

0.96 

6 

115 

9 

2.18 

0.69 

1.69 

7 

219 

9 

2.21 

0.70 

1.48 

8 

151 

5 

1.61 

0.69 

0.80 

F.5-1 

25 

7 

2.34 

0.83 

1.86 

2 

73 

10 

2.30 

0.69 

2 . 10 

3 

24 

5 

2.12 

0.91 

1.26 

4 

129 

8 

2.51 

0.84 

1.44 

5 

30 

7 

2.60 

0.93 

1.76 

6 

31 

5 

1.35 

0.58 

1.16 

7 

21 

6 

2.26 

0.87 

1.64 

8 

52 

8 

2.35 

0.78 

1.77 

F.6-1 

40 

6 

1.72 

0.67 

1 . 36 

2 

37 

8 

2.46 

0.82 

1.94 

3 

52 

4 

1.56 

0.78 

0.76 

4 

19 

8 

2.65 

0.88 

2.38 

5 

17 

6 

2.16 

0.84 

1.76 

6 

22 

7 

2.36 

0.84 

1.94 

7 

29 

4 

1.46 

0.73 

0.89 

8 

37 

7 

2.37 

0.84 

1.66 

(Cont inued) 


El  4 


< 


Table  E5  (Continued) 


Stratum/ 

Replicate 

Number  of 
Individuals 

Species 

Diversity 

(H') 

Evenness 

O’) 

Species  Ri 
ness  (SR) 

E7-1 

33 

5 

1.91 

0.82 

1.14 

2 

20 

5 

2.01 

0.87 

1.34 

3 

18 

5 

2.26 

0.97 

1.38 

4 

43 

7 

2.36 

0.84 

1.60 

5 

77 

9 

2.58 

0.81 

1.84 

6 

15 

4 

1.80 

0.90 

1.11 

7 

24 

6 

2.09 

0.81 

1.57 

8 

8 

4 

1.75 

0.88 

1.44 

Rl-1 

96 

13 

2.87 

0.78 

2.63 

2 

10 

4 

1.69 

0.85 

1.30 

3 

30 

7 

2.03 

0.72 

1.76 

4 

143 

16 

3.21 

0.80 

3.02 

5 

103 

10 

2.09 

0.63 

1.94 

6 

185 

15 

2.38 

0.61 

2.68 

7 

72 

5 

1.64 

0.71 

0.94 

8 

101 

12 

2.48 

0.69 

2.38 

R2-1 

111 

11 

2.13 

0.62 

2 . 12 

2 

90 

11 

2.00 

0.58 

2.22 

3 

57 

10 

2.48 

0.75 

2.23 

4 

76 

9 

2.04 

0.64 

1.85 

5 

23 

8 

2.67 

0.89 

2.23 

6 

8 

5 

2.16 

0.93 

1.92 

7 

66 

8 

2.24 

0.75 

1.67 

8 

49 

8 

2.05 

0.68 

1.80 

R3-1 

94 

11 

2.58 

0.75 

2.20 

2 

61 

12 

2.77 

0.77 

2.68 

3 

57 

11 

2.81 

0.81 

2.47 

4 

54 

9 

2.75 

0.87 

2.01 

5 

72 

8 

1.78 

0.59 

1.64 

6 

113 

9 

1.72 

0.54 

1.69 

7 

60 

11 

2.97 

0.86 

2.44 

8 

9 

6 

2.42 

0.94 

2.28 

R4-1 

21 

9 

2.89 

0.91 

2.63 

2 

21 

5 

2.07 

0.89 

1.31 

3 

48 

8 

2.53 

0.84 

1.81 

4 

32 

10 

2.70 

0.81 

2.60 

5 

29 

10 

2.58 

0.78 

2.67 

6 

32 

8 

2.50 

0.83 

2.02 

7 

24 

9 

2.95 

0.93 

2.52 

8 

12 

5 

1.90 

0.82 

1.61 

(Continued) 

El  5 


Table  E5  (Concluded) 


Stratum/ 

Replicate 

Number  of 
Individuals 

Species 

Diversity 

(H') 

Evenness 

(J') 

Species  Rich- 
ness (SR) 

R3-1 

20 

8 

2.76 

0.92 

2. 34 

2 

23 

8 

2.66 

0.89 

2.23 

3 

27 

10 

2.92 

0.88 

2.73 

4 

23 

A 

1.75 

0.88 

0.96 

5 

37 

9 

2.73 

0.86 

2.22 

6 

22 

8 

2.A6 

0.82 

2.26 

7 

8 

6 

2.50 

0.97 

2.40 

8 

65 

8 

2 .04 

0.68 

1.68 

River 

57 

6 

1.83 

0.71 

1.24 

Cage  1 

159 

8 

2.67 

0.77 

1.95 

2 

114 

10 

2.51 

0.76 

1.90 

3 

57 

7 

2.02 

0.72 

1.48 

APPENDIX  F' : ABUNDANCE  (NUMBER/ 3. 8 CM~)  OF  MEIOBENTHOS  IN  EACH  SAMPLE 


Stratum  El  - Jv'.ly  ^.977 


Liii  lodrilus  spp . 
Limnodrilus  hoffmeisteri 
Nai s spp . 

Enefiytr aeidae 
Tubi f ex  sp. 

Branchiura  sowerbvi 
Ilvodrilus  templetoni 
Phvsa  sp . 

Nematode  sp.  11 
Monohvstrella  sp.  1 
Monohvstrella  sp . 2 
Anatonchus  sp . 

Thprnenema  sp . 

Dorylaimus  sp . 

Ampni dorylaimus  sp . 
Monohystera  sp . 
Cantnocamptus  sp . 
cvpridopsis  sp . 
Physocvpria  sp. 
Macrobiotus  richtersii 
Macrobiotus  hufelandii 
Hypsibius  sp. 

Macrobiotus  dispar 
Palpomyia  sp. 

Insecta 

Harnischia  sp . 

Tanypus  spp . 

Coelotanypus  sp . 

Crypt ochironomus  sp . 


1 2 


27 

4 

1 


1 5 

2 15 
11 

1 1 


3 

1 2 
44 


1 


3 4 


2 


6 

1 


6 5 

21  3 

6 

1 

4 

2 

5 7 

1 

1 


1 


5 6 


3 


1 

1 

1 

10  4 

2 6 
5 

2 2 
1 

3 1 

2 1 
3 


1 

3 

2 

3 


1 


7 8 


3 


1 

3 


7 54 

4 

7 
2 
3 

13 

8 


2 

1 


4 


Totals 


32 

4 

1 

9 

1 

1 

3 
1 
1 

79 

4 

62 

27 

11 

13 

16 

1 

9 

8 

60 

1 

1 

1 

3 

3 

3 

4 
1 
1 


(Continued ) 


F2 


Stratum  E2  - July  1977 


1 

2 

3 

4 

5 

6 

7 

8 

Totals 

Limnodrilus  spp. 

11 

3 

7 

2 

21 

11 

15 

3 

73 

Limnodrilus  cervix 

1 

1 

Limnodrilus  hoffmeisteri 

1 

2 

3 

ilyodriius  templetoni 

1 

2 

1 

1 

4 

3 

1 

13 

Nais  spp. 

1 

1 

Branchiura  sowerbyi 

2 

2 

Lorbicuia  maniiensis  (sm) 

2 

1 

3 

Monohystrel la  sp.  1 

12 

70 

17 

27 

45 

44 

59 

12 

286 

Ampnidory iaimus  sp. 

1 

15 

3 

14 

13 

7 

22 

2 

77 

lhornenema  sp. 

4 

17 

3 

3 

8 

4 

39 

borylaimus  sp. 

2 

1 

3 

Eucyclops  agilis 

2 

3 

1 

1 

7 

Faracvclops  affinis 

1 

4 

5 

ilyocrvDtus  spn. 

19 

3 

2 

2 

2 

28 

Alona  affinis 

1 

1 

CvoridoDs i s sd. 

1 

1 

2 

Candona  sd. 

1 

1 

2 

Physocvpria  sp . 

4 

3 

1 

1 

1 

2 

12 

Tanypus  sdd. 

4 

3 

3 

1 

5 

8 

24 

(Continued) 


F3 


Stratum  K4  - July  1977 


1 


2 3 4 


5 6 7 8 


Tot a 1 s 


I.imnodri  ] us  s p p . 

I.imnodri  lus  hot  f moist  or  i 
Nai s spp . 

Branch jura  soworbvi 
1 1 v otl r i 1 us  t cmpl eton i 
Monohystrolla  sp.  1 
Ampin  clorv  lainius  sp. 
Thorncncma  sp . 

Monolw  stern  sp . 

Dorylaimus  sp. 

Aiutonchua  sp . 

F.ucvclops  npilis 
Cantjiocamptus  staph  1 inoides 
Canthocamptus  sp. 2 
Taracyclops  affinis 
llvocryptus  spp. 

XTona  costata 
A Iona  affinis~ 

1 .cvd  i gi  a 1 eyTTTg  i 
Macrothrix  sp. 

I’hv  socypria  sp . 

Candona  sp . 

Macroblotus  richtcrsi i 
Hypsihius  sp' 

Pa  lponivi  a sp . 

Ch  i rononms  sp  . 

Tanvpus  sp . 

8t Ictoch Irononius  sp. 
Coelotanypus  sp. 


9 23  3 4 5 

2 1 

1 2 

8 1 1 

22  30  19  12  5 

10  1272 

2 8 

1 

2 2 1 

2 

3 7 4 

1 1 

1 

12  3 

2 4 7 4 

1 1 3 

3 

1 

3 2 6 8 

2 

11 

1 

1 2 1 

6 4 

2 l 


9 


1 

9 9 12 

1 4 

3 

1 

6 

9 3 


19  3 

1 
3 


3 1 

1 l 

7 

1 


1 


53 

3 

3 

1 

10 

118 

36 
13 

1 

6 

8 

26 

2 

1 

37 
18 

8 

3 
1 

4 

21 

9 

18 

1 

1 

4 

12 

1 

3 


(Cont i nucd) 


1’4 


r 


Itralum  K5  - July  1977 


l.i mnodr  i lus 
l.imnovlrt  lus 
1 imnmlr i lus 


SPP  • 

cervix 

hof  fme  i st  it  i 


l.imnotTr  ilus  profundi  col  a 
1 1 voilrT lus  t cnipl ot  on i 
Monohyst  rol  1 a sp.  1 
Thor nonoinn  s p . 

Annt  oncl ms  sp . 

Dory  1 nTmus  sp  . 

Am  phi  tlorvl  a i mus  s p . 

Corh  i cuTn  man  i 1 oils  i s ( sin') 
Kui*  v cl  ops 


ops 

clo 


ngi Its 
ops  aTFT n i s 


Paracyc 

Cnnthocnmptus  robot* t coker i 
Canthivenmptus  stapTi  1 i noi  do s 
1 1 yocryptus  spp  . 

Alona  costata 
A Iona  "affinis 


Macro  tin*  1 x s p . 

Phv  soevpr i a sp . 

Mac roh lotus  riehtersii 


Cli  i ro nonius  sp  . 
Pscudochi  ronoinus 
Poly  petit  luin  sp  . 


sp. 


Stratum  Kb  - July  19' 


l.t  mnotlr  i 1 us 
NaTs 


spp. 


spp. 
Corh i cul a 


mant  lensl  s 

Moiiohystrel  In' 


Monohyst re 1 la 
Alai mu  s 


sp. 

sp. 


C sm  > 


sp. 

Pnrap  1 ec  t oiumia 
Tliornenema  sp 
Dory t a {mus  sp 


sp 


Amply  i tlory  1 a imus  sp  . 
Kucyc lops  ap i 1 1 s 

TTops  f tmh r i a tus 


Paracyc lops  

Mac  roc  y c 1 o p s f*  vi  s c u s 
CantliocamptyTs  staph  1 i not  vies 


1 1 yocryptus  s p p 
Alona  costata 
Alona  aFfints 


Phyy 


HOC 


TIT 


Macrob i ot  us 
1 nsec t a 
(’h  i ronomus 


sp. 

hut  el  anvil  i 


sp. 


PoTypevT t 1 um  sp. 


1 

3 

4 

■i 

J) 

7 

8 

Tot a 1 s 

1 

2 

1 1 

2 

1 

2 

9 

21 

1 

1 

1 

2 

3 

1 

1 

1 

1 

34 

93 

8 

4.S 

115 

31 

32 

358 

4 

7 

3 

10 

5 

3 

9 

41 

1 

9 

3 

1 

4 

2 

1 

8 

•> 

34 

3 

7 

29 

9 

8 

92 

1 

1 

3 

5 

1 

1 

3 

5 

S 

1 

b 

1 

1 

1 

1 

1 

3 

6 

14 

4 

1 

1 

2b 

1 

2 

2 

3 

8 

lb 

3 

1 1 

9 

lb 

1 

1 

l 

1 

4 

1 

1 

1 

1 

2 

o 

1 

1 

1 

5 

1 

1 

2 

1 

2 

3 

1 

9 

3 

4 

5 

b 

7 

_8 

To t a l s 

1 

1 

9 

1 

5 

1 

1 

l 

1 

1 

3 

b 

11 

1 

4 

9 

3 

7 

35 

3 

43 

3 7 

2t> 

13 

3 7 

lb 

3 b 

211 

1 

■) 

3 

2 

9 

3 

3 

b 

1 

1 

9 

2 

3 

7 

2 

1 

■) 

9 

1 

20 

1 

1 

2 

1 

1 

1 

3 

1 

1 

9 

1 

1 

1 

1 

1 

1 

4 

8 

(Cont  i nui'il ) 


r 


- i:7 


y ll>77 


1 i,  > t;.  His  sPP. 

\»s  hot tmol st orl 

TOT'^ppT"-  i 

Mon  nystrolla  sP.  l( 
WnnchvstreiU  SP • - 

Two^fai inns  Sp . 
rfho  r i u*  iumiui  s p . 
Tf^^rnrrf^Tauuus  sP. 
KucvcTopsIagTlJs 

Paraoy  f l nP s t ininij  ot  u s 
Tanthocamptus  s t aphlinoldes 
MofarTa  sp . 

ATona  T-ostat  a 
p~TTy  Pt»t1 1 1 v»»  sp . 


Caan  Stratum  - July  l l)  / /’ 


1 t nimulr  1 l us  spp. 
yt'TTTT.TTrrnra  sowurhy  i 
yyir-h  1 1 nil  a man  1 1 ons  l s ( 8tn) 
Monohy s t rella  sp.  1 
porvTa imu s s P . 
TmpKIdorvlaimus  sP . 
Thornonoma  sP . 

Nemat  oJu  sp.  10 


W..PV  flops  aRlliS  . 

IVirHCVC  1 ops  i i mb i i^t  us 
7^t^7w~ampt  us  s tapVtl Tno i tin S 

Tlvpervi'tus  spp. 

ATona  t o st at  a 
pTw^Yrrypr  l a sP. 

Tv^ToTanypyis  sp. 


(Tout  i mu'iU 


7 S 


1 

1 

i i 4 i>  i :> 

1?  4 111  14  1 1 


l ot  a l : 


Tot  a 1 


S ti.it  um  K 1 


Tot  •'!  1 s 


l.liiinoilrl  lus  spp. 

HaTs  spp. 

To!  osoo  l I'X  Mill  It  i sot  osus 
TVro  ill  v, 1 1 .it  i 
T1  viulr  1 1 its  t ump  I ot  on  i 
ForI>I  oul  .1  man! ions  Is  (sm) 
PI. si  ilium  sp. 

TToin.it  oolo  sp.  10 
Monohvst  ro l 1 a sp.  I 
Monoliv  st  roll  a sp.  ■ 
AnipTiriloryT .iniits  sp . 

Tit  or no noma  sp. 

All.'lt  OllollUS  sp. 

Fm  yoTops  .in  ills 

Can't  Iioo.'impt  us  st  apll  1 i no  1 ilns 

HuSOOVoI  OpS  Oll.'lX 
r.'irno vol  ops  T 1 m!>r  i .it  us 
TI  voorynt us  spp. 

KuTvfa*  I .*it"  I ss  im.i 
ClmTorus  spliao r I ous 
Pliysoovpi'i  .i  sp. 

CatnTon.i  sp. 

Fv  pillions  is  sp  . 

D.-irwI.uu  i.i  st  ovonsonl 
Mm* rul> lot  us  i lolitoisn 
Kao roT'Tot  us  rTiro.it  us 
Foil  l ill  sous  sp. 

A oar  III 

Cti  i rononitis  sp. 

T.invpns  sp. 

Coo  1 ot  any pus  sp. 


I I 1 


i :>o 

1 1 


i 1 1 


1 1 7 


It.  8 


IS  1 
1 10 


U'ont  inuoil) 


Stratum  R2  - July  1977 


1 


Totals 


Nai s spp . 

Dero  digitate 
liyodrilus  templetoni 
Peloscolex  multisetosus 
Corbicula  manilensis  (sm) 
Nematode  sp.  10 
Alaimus  sp . 

Amphidorylaimus  sp . 
Monohvstrel la  sp . 1 
Monohystrella  sp . 2 
Kucyclops  agills 
Canthocamptus  staphlinoides 
Paracyclops  fimbriatus 
1 lyocryptus  spp . 

Macrothix  sp. 

Bosmina  longirostris 
Diaphanosoma  sp . 

Pleuroxus  denticulatus 
Sida  crvstallina 
Physocypria  sp . 

Candona  sp . 

Darwinula  stevensoni 
Macrobiotus  richtersii 
Macrobiotus  dispar 
Acarid 

Chironomus  sp. 

Tanypus  sp. 

Coelotanypus  sp . 

Crypto chironomus  sp . 


3 

1 

1 


1 


3 22 


14  12 

1 4 

5 

1 


1 


3 

1 

1 

3 

1 8 

4 1 

8 1 
1 

1 

1 


3 


3 


8 14 

1 

2 1 
1 

1 

1 


9 1 

3 
2 
1 


2 1 


1 

2 

4 8 

21  1 
23  3 

26  11 
1 1 

1 1 

1 5 

4 

1 

6 1 
7 
1 

2 2 


1 

1 

1 


12 

1 

1 

5 

1 

5 

12 

22 

26 

68 

3 

1 

2 

39 

1 

5 

1 

1 

7 

52 

9 

12 

2 

1 

1 

1 

1 

1 

1 


(Continued) 
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L 


Stratum  R3  - July  1977 


12  3 4 


5 6 7 8 


Totals 


Limnodri lus  spp. 

TTv  odrilus~  templet oni 
Aulodri lus  pigueti 
Hafs- spp^ 

Corbicula  manilensis  ( sm) 
Nematode  sp.  10 
Thorne  nema  sp . 
Monohystrel la  sp . 1 

Monolivstera  so . 

Alaimus  sp. 

Kucyelons  agilis 
Taracyclons  affinis 
1 1 yocryptus  spp . 
Macrothrix  sp . 

I.eydigia  leydigi 
A Iona  quadrangu laris 
Bosmlna  longirostris 
Physocynria  sp~! 

Darwinula  stevonsoni 
Palpomvia  sp. 

Chironomus  sp . 

Tanvpus  spp . 

Coelotanypus  sp. 
Procladius  sp . 
Polypedilum  sp . 


1 

1 

2 

3 

1 3 

1 

2 2 2 2 

1 

1 1 

7 4 6 8 

3 4 8 4 

11  3 14  3 

2 1 

1 

1 

5 

10  2 

1 

1 

1 

1 

1 

2 

1 


2 1 

1 

1 2 5 

3 5 1 

1 

1 3 

1 1 

16  10  13 

10  2 

114  1 

1 3 4 

17  5 15  2 

1 1 

1 


1 1 
1 1 

1 

1 

1 1 


4 
2 

10 

12 

1 

8 

3 

47 

1 

14 

32 

27 

70 

5 
2 
1 
5 

14 

3 
1 
2 
1 
2 

4 
1 


(Continued ) 


F9 


Stratum  R4  - July  1977 


Totals 


Limnodri lus  spp . 

Dero  dipitata 
Nais  spp . 

Corbicula  manilensis 
Monohystrel la  sp.  I- 


(sm) 


Si 


sp. 


Paraplectonema 
Alaimus  sp. 

Thornenema  sp . 

Kucvclops  apilis 
Paracyc lops  af finis 
Macrocyclops  fuscui 
Canthoeamptus  staphlinoides 
Ilyocryptus  spp . 

Alona  affinis 
A Iona  quadraneularis 
Leydipia  leydieT 


2 

1 


5 

15 

3 


2 

1 

15 

2 

1 

2 

1 


3 

2 

14 

9 


14 


3 

2 


5 

2 


6 

6 


19 

5 


acanthocerc oidies 


6 

15 

1 

17 

7 

2 

1 

1 


Chi 


Iona  sp . 


xronomus  sp , 


Cryptochironomus  sp . 
Tanvpus  sp . 

Coe Iotanypus  sp . 
Procladius  sp . 
Palpomyia  sp . 


12 

2 

3 

1 

7 

3 

11 

2 

44 

41 

2 

1 

64 

31 

5 

1 

11 


Moina  branchiata 

1 

1 

2 

4 

Latona  setifera 

1 

1 

Bosmina  lonpirostris 

1 

1 

Physocypria  sp. 

4 

5 

9 

Darwinula  stevensoni 

1 

2 

3 

3 

1 

1 

3 

8 

? 


(Continued) 


Stratum  RS  - juu-  ] q 7 7 


3 4 


1-im nod r i lus  s n n . 
Nematode  sp.  10 
Nonohystrel  1..  Sp.  1 
Taraplect enema  s p . 

Ala lmus  sp . 

hue v clops  ac i 1 is 

lijracyclops  fiTnKrl 

iyjJXixDir  j»a  ‘•in  i coos 
llyocrvptus  spp 
Alona  affini s 
A^lona”  costaTa 
^'^^*~^rr7TnrTTT  a t a 

sp. 

i liy  .sot-ypr-  1 1 s p . 

Darw inula  st evensoui 

Carmona  sp . ■ 

Hoe  1 otTin v pus  s p . 

Pt  oe  1 ad  1 us  sp 


Tot a 1 s 


3 1 

3 r) 


ck  ; 


Table  G1 


Stratum/ 
Kepi i cate 

Number 

Individual 

oT 

s Species 

Diversity 
01'  ) 

Evenness 

(O') 

Species  Rich- 
ness (SR) 

El-1 

6 

5 

2.25 

0.47 

2.23 

2 

113 

10 

2.47 

0.74 

1.90 

3 

46 

7 

1.57 

0.40 

2.25 

4 

26 

9 

2.85 

0.  70 

2.45 

5 

32 

11 

3.12 

0.90 

2.88 

6 

26 

11 

3.09 

0.96 

3.07 

7 

30 

7 

2 . 50 

0.45 

1 . 76 

8 

82 

7 

1.67 

0.35 

1 . 36 

E2-1 

32 

5 

1.97 

0.24 

1 .15 

2 

137 

11 

2.29 

0.66 

2.03 

3 

39 

10 

2.58 

0.78 

2.46 

4 

61 

10 

2.48 

0.75 

2.19 

5 

97 

12 

2.32 

0.75 

2.40 

6 

77 

10 

2.14 

0.64 

2.07 

7 

111 

10 

2.07 

0.62 

1.91 

8 

28 

6 

2.10 

0.49 

1 . 50 

E4-1 

58 

13 

2.77 

0.96 

2.95 

2 

100 

11 

2.78 

0.87 

2.17 

3 

42 

10 

2.54 

0.76 

2.41 

4 

67 

14 

3.41 

1.18 

3.09 

3 

38 

11 

3.20 

1.00 

2.75 

6 

29 

8 

2.50 

0.68 

2.08 

7 

46 

8 

2 32 

0.63 

1.83 

8 

35 

8 

2.53 

0.69 

1.97 

E5-1 

54 

12 

2.08 

0.68 

2.76 

2 

165 

13 

2.07 

0.69 

2.35 

3 

18 

6 

2.20 

0.52 

1.73 

4 

90 

14 

2.54 

0.88 

2.89 

5 

178 

14 

1.88 

0.65 

2.51 

6 

48 

7 

1.65 

0.42 

1.55 

7 

56 

7 

1.89 

0.48 

1.49 

8 

15 

6 

2.04 

0.48 

1.85 

E6- 1 

9 

6 

2.42 

0.57 

2.28 

2 

52 

7 

1.08 

0.27 

1.52 

3 

59 

5 

1.56 

0.33 

0.98 

4 

37 

10 

1.80 

0.54 

2.49 

5 

23 

8 

2.08 

0.57 

2.23 

6 

54 

8 

1.58 

0.43 

1.75 

7 

25 

5 

1.62 

0.34 

1.24 

8 

57 

10 

1.96 

0.59 

2.23 

(Continued) 


G2 


Table  G1  (Cent  i.  nued) 


Stratum,  Number  oF  Diversity  Evenness  Species  K i cli - 


Rep  1 i cat  t' 

1 ml  i v i dua 1 s 

Spec i es 

(H’  1 

llL’l 

ness  (SRI 

E7- 1 

1 1 

3 

2.19 

0.4b 

1.67 

2 

8 

4 

1 . 75 

0.32 

1 . 44 

3 

4 

3 

1 .50 

0.22 

1 .44 

4 

18 

4 

1 .50 

0.27 

1 .04 

5 

40 

9 

2.55 

0.73 

2.17 

b 

b 

3 

1 ,4b 

0.21 

1 .12 

7 

4 

3 

1.50 

0.28 

1 .44 

8 

10 

3 

1 .9b 

0.41 

1 . 74 

Rl-l 

10 

b 

2.45 

0.57 

2.17 

2 

60 

1 l 

2.77 

0.75 

2 . 9 3 

3 

4 7 

14 

3.27 

1 .13 

3.38 

4 

6 5 

1 0 

2.80 

0.84 

2.15 

5 

42 

10 

2.78 

0.84 

2.41 

b 

9 9 

16 

3 . 2 0 

0.80 

.3 . 2 b 

7 

aq 

8 

2.57 

0.70 

2 . 08 

8 

7-1 

17 

3.  3-1 

0 . 8 2 

3.71 

R2-1 

23 

b 

1 . 70 

0.42 

1.59 

46 

7 

2.0  3 

0.52 

1.57 

17 

3 

1 .92 

0.21 

1 .41 

4 

20 

10 

3.78 

0.84 

1.00 

5 

31 

10 

3.82 

0 . 8 5 

2 . 0 2 

b 

1 2 

s 

->  2 r> 

0.92 

2.81 

7 

92 

12 

2.68 

0.87 

2 . 4 3 

8 

48 

• “T 

i / 

3 . 4b 

1.28 

4.13 

R3-1 

39 

10 

2.73 

0.82 

2.4b 

2 

18 

9 

2.91 

0.29 

2.77 

3 

43 

1 1 

2 . 8b 

0.2b 

2 . bb 

4 

28 

10 

3.01 

0.91 

2.70 

3 

33 

1 1 

2.49 

0.  78 

2.52 

b 

34 

11 

3.03 

0.95 

2.84 

7 

32 

11 

2.61 

0.82 

2 . 88 

8 

23 

8 

2.17 

0.59 

2.17 

R4-1 

37 

q 

2.46 

0.78 

2 . .'o 

2 

32 

1 1 

2 , bS 

0 . 84 

2 . 88 

3 

47 

9 

2.49 

0.  72 

2 . 08 

4 

18 

9 

2.93 

0 . 84 

2.77 

5 

53 

13 

2 . 99 

1 . Ob 

3 . 02 

b 

70 

lb 

3.31 

1.20 

3.53 

7 

1 1 

4 

1.28 

0.23 

1.25 

8 

10 

6 

2.45 

0.57 

2.17 

(Cont i nued) 


V 


1 

Table  G1  (Concluded) 


Stratum  / 
Replicate 

Number 
Individual s 

of 

Species 

Diversity 

(HM 

Evenness 

(J’) 

Species  Rich 
ness  (SR) 

R5-1 

7 

5 

2.24 

0.47 

2.06 

2 

19 

6 

2.19 

0.51 

1.70 

3 

2 

1 

0 

0 

0 

4 

25 

7 

2.63 

0.67 

1.86 

5 

18 

8 

2.66 

0.72 

2.42 

6 

3 

3 

1.58 

0.23 

1.82 

7 

1 

1 

0 

0 

0 

8 

12 

7 

2.52 

0.64 

2.41 

Cage 

1 

44 

12 

2.95 

0.96 

2.91 

2 

49 

7 

1.42 

0.36 

1.54 

3 

35 

9 

1.91 

0.55 

2.25 
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AlTKNiHX  11*  : 


SUMMARY  OK  NEKTON  STATION  DATA 


Table  111 
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ar;  1 - 

minnov. 

t raps, 

2 - 1 yke 

• lift  s , ' - 

Si-  1 IU' 

* 

Time 
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l 
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1 
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1 
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i 
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> 
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1 
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Tat'  I e lit  (Com'  1 nileil ) 
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Minnow  Traps  Length:  42.5  cm;  Maximum  Diameter:  22.2  cm; 
Square  Mesh  Size:  6 mm;  Minimum  Funnel  Diameter:  2 cm; 
Constructed  of  galvanized  wire  with  two  funnels  and 
one  float  line  per  trap. 

Beach  Seine  Length:  19.8  m;  Depth:  1.8  m;  Dag  Size: 

4.6  m by  1.8  m;  Square  Mesh  Size:  6 mm;  Constructed  of 
tarred  nylon  webbing. 

Fyke  Nets  Length  of  Wings:  7.5  m;  Depth  of  Wings:  1.5  m; 

Length  of  Fyke  from  First  Hoop  to  Tail:  2.9  m; 

Diameter  of  First  Hoop:  0.9  m;  Diameter  of  Last  Hoop: 

0.69  m; 

Square  Mesh  Size  of  Wings:  3.2  cm; 

Square  Mesh  Size  of  Fyke  Inner  Webbing:  1.9  cm; 

Square  Mesh  Size  of  Fyke  Outer  Webbing:  6 nun; 

Square  Mesh  Size  of  First  Funnel:  same  as  fyke  inner 
and  outer  webbing; 

Square  Mesh  Size  of  Second  Funnel : same  as  fyke  inner 
webbi ng ; 

Constructed  of  nylon  webbing  with  six  wooden  hoops  and 
two  wings  per  net. 
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LISTING  OF  NEKTON  WATER  QUALITY  DATA 


oolY  to  tnCSC 

at  ions  3pV  ^ 

and  abbreviat 

. — codes  ana 

The  foU°winq  . 

5,  . Herrin,  CreoV 

„ - noint. 

. ar  Mid e)  57  ' v ,arV  l^2  ' 

(Kiver  m3-  February 

octo.-  ^,6i  . ',»!*  ^ 

April 


vta: 

llbE 

aonth 

pFRlOb 


10 

4 


9 = Midbt 
•>  = Day  , ^ rv,v, 

, nd  & = Max  Cb  culverts, 

= Max  Flood,  Moutb,  2 DiKe, 

,te)  1 = Breach  ^ 91^  outside 

»»-PUK«r  of  Gut  *' 

3 ' "W  “t  „ u.ter  S™Ple 

Herrin,  Cree,  , . Secon,  - 

, . First  water  Saw 

l«ater  Temperature, 

(Oissolvea 

Tfll  1 S’) 


)C^TlOh 


(Dis^* 

ITU1 s> 

(TurbiditV- 


ANAL  V S OF  HATER  QUALITY  DATA  10/M/77 


3 a <*>  «x  — — ooootfNtr*oooooooo./'W'*oooo0ooooo°o*'‘/'00»r»f'oooooo'/'jn 

->  i • « • i • • • • i i • i i • • • • • • i • • • • • • • t • • • • • i i i ( « i i • i i • i • 


^ a — 

O < ►- 

aj  CL.  < 

* O 

O O 


Z 3 O00o040i\NN\'\i\rg'\««^O^OOO'>i|\M>J''lfNl'i''JO0'0-0O0NN(N\NN'0>0 


^ O i • • • i * • | • i i ( • • i • i * i | , • i • | i • 


OOOOO^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


Uj  OJ  ••••**»•••••••••••••••••••»•••••••••••#•(••••• 

a —>  sF»KNA.N.*.s"»A.N1r.N.N.A.i«.N.NNF.Sf*Nr.F»T»»,N.sr*NrvBa)cO0O©®®Sir«ifi<»>.CV 


' •*  r o K t it  o - ■n 


-J  XI 

- 3 
X L* 


J3 


FILE  W I NOM I L L tCREATlUN  OATE  - 1C i/Zb/JJi  POINT  PROJECT 

subfile  *poc  hcoc  upfe  mcfe  wpap  hcap  wpju  hcju 


UJ  • • I • • I • • • t i • I • I • I • • I • • I • I « • • • • I • • • I » I t • 

o oo®*^a‘Ocoooo^‘Ch^‘co't>^7‘^0(>(^^x>CT»»coo«^.o»cy“j'^>^^‘oc>®J,^-«-<cNj'^ 


— OOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOO 


a t • • i t • i t < « i • i i • i • i i • t • « i • t • • i • i • « t i • • i • i • i i * • • 

ffcf.K.N.KNKNNNN^a.NNK.Na.^^ceNNNr»NKN*»N.K»*K^®»®®®aNKKN^ 


a OOii>»r>»r>J>3O'^'»nO0'/''-<!7,C7'OOU>i/>k/>^s^oOOi/%^OOrNJkrv>0>f£7‘'>jOooO£7'C7'-^'kr'fN“< 


-J  —•<N— a'N— «r\j— «— *-\J— 4f\j— <rsj''g-^og—<<\j 


O 0-0-0"0,><oj|Nrs»*Nrxo®0®0'0"0'0'N»>Jr^,NlNr'iirg'>J'0®'0'00-0^0'>Jt^''J'X<Nn,wr^'>/'OiO'0® 


^ OOOOOOOOOOr'ii\f\(rg(Miv'\'«jMPgi«g^\rgfyj(VpgiM(Nj(\pg(\j^^i\(i\(\rg(\,^(\rg(Ni'MiN'\ 


_J  D4<0(0S0D®a)O<l)«»Sa.Nfi.NN^^N^SN>>NS.|i»Nl»K^NNSNION'>‘N'>bKNV(DirS 


FILE  w t NCH I LL  (CHEAT  ION  DATE  * 10 /2+/1J)  POINT  P« C JEC T 

Subfile  wpqc  hcoc  wpfe  hcfe  »pap  hcap  ^pju  hcju 


0 

ac 

a. 


X 

z 

c 

X 


X 


» 

Uu 


C7»CTC>vrw>T‘CT‘0000000000  — — — — 


va 

u 


FILE  it  1 NDM  ILL  (CREATION  OAT  E * iO  /M/7fl  POINT  PROJECT 

SUBFILE  -PCC  HCGC  itPFE  HCFfc  tePAP  HtAi  mPJO  HCJU 


« 


X)OT35“^-o— «T-^-Uj>~.-« 

-<00000000000000030000 


OOoOOOo^O^  — -<-<-«-.-<-.■ 


> O O o O o o 1 

OOOOOOOOOOOOOOOOOOOOOOOoOOt^OOOOOOoOOoOOOOOOOOO 


!-<'—  -^O— *0-00'^~ <-*>0^''>'y'~^-0' 
V'.rrJ'r^^  »t»  *>-©  ^ *'•  ® 't>  *'-  1 


*A  **  <*  ■#  -f  J\  • 


O- 


•0'0^^&<0  + <J'-t<aO''G++oi-0&+*t4'tr*'t'*  + 4'0+<V<\t  OOOOOOOOOOOOOOOOO 


•OO-O-OOO**''*  O O *^  **  *-  * 

—*-^—*—*-*-*r'<jr\jf\il'«— <—<—<. 


f>--«  — -<—!—<  — rgf^^ooo  TO  O O f 


• -<  — -*-^-*-<rgO<<N<"S*  N'N'X'N^'N'N'Ni* 


i(Nj<XfM<NOj«\|.M<N 


t ^ f—  »*- 


® ^ O -<  IM  ^ ^ 
r t)  ® >T  ^ 


.16 


■ 


X 

a o^>r^oo^)00'#^(7*^fx0  o * ^ \ ^ 
73  *T>  >n  *»  -*  *1 


0®<t'V<*l'V-»/-<#«#-*iN 


.o  ■*}  V O r'-  •£«/>*-  ■i'sf  .#  c*- 


*•  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

— — 

— oooOoOooodoooocJooooooooooooooooooo 


i'i'VlN\'NiNN'NNNN^‘,NlNiNiNm^">W^^iNi\NNNi\iNiNi\'\'\(\ 


*-  cx 

O <4 

u.  a 


*■  o 

o c 

— o 


<Vj'^fN-*<N-«<N— * CM  ■ 


, — ^ ^ ^ i\  N - • 


■WW^'ViVfV--*- 


-J  o 

— u 
* a 


-I  ® 

*-  -3 

U.  v* 


0 OO'JOOOOO-*---— 


J7 


i 


r i 


APPENDIX  K-:  LISTING  OF  NEKTON  CATCH  DATA  BY  COLLECTION 
SAMPLE,  AND  SPECIES 


The  following  codes  and  abbreviations  apply  to  these 


data : 


COLL  (Collection  Number) 

SAMP  (Sample  Number) 

SPECIES  (Species  Code) 


60  = Anguilla  rostrata 

26  = Alosa  pseudoharengus 

27  = Alosa  aestivalis 

37  = Brevoortia  tyrannus 

51  = Dorosoma  cepedianum 
275  = Dorosoma  petenense 
103  = Anchoa  mitchilli 
192  = Umbra  pygmaea 

52  = Cypr inus  carpio 

107  = Hybognathus  regius 
386  = Nocomis  raneyi 

108  = Notemigonus  crysoleucas 

109  = Notropis  analostanus 

110  = Notropis  hudsonius 

111  = Notropis  bif renatus 
84  = Carpiodes  cyprinus 

273  = Erimyzon  oblongus 
39  = Ictalurus  catus 
116  = Ictalurus  nebulosus 


40  = Ictalurus  punctatus 
117  = Noturus  gyr inus 

121  = Fundulus  diaphanus 

122  = Fundulus  heteroclitus 

148  = Membras  martinica 

149  = Menidia  beryllina 

32  = Morone  americana 
31  = Morone  saxatilis 

135  = Lepomis  gibbosus 

136  = Lepomis  macrochirus 

137  = Micropterus  salmoides 

138  = Pomoxis  nigromaeulatus 
142  = Perea  f lavescens 

89  = Etheostoma  olmstedi 

33  = Leiostomus  xanthurus 
5 = Micropogon  undulatus 

396  = Paralichthys  lethost i gma 
151  = Trinectes  maculatus 


PERIOD  1 = Day,  2 = Night 


TNUMBER  (Total  number  of  specimens  collected) 


TWEIGHT  (Total  biomass,  g,  collected) 

MILE  (River  Mile)  57  = Windmill  Point,  58  = Herring  Creek 

GR  (Sampling  Gear)  1 = interior  minnow  trap,  2 = Gut 

fyke  net,  3 = culvert  fyke  net,  4 = exterior  minnow 
trap,  5 = beach  seine 

Only  positive  samples  are  listed,  i.e.  samples  in  which 
at  least  one  specimen  was  present. 
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Summary  catch  data  by  mqmh ,loc at  ion, peri oo, gear,  spec ies  io/2*/tt 
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Statistic.il  Anal  vs  is  ot  Nekton  Catch  Data 


Five  response  variables  were  elioseti  tor  statistical  analysis: 
total  number  ot  species  per  sample,  total  number  ot  specimens,  total 
biomass  (g),  species  diversity,  and  biomass  (g)  ot  t lie  spot  tail  shiner. 
Data  were  treated  separately  for  the  3 gear  types  (seine,  minnow  trap, 
and  tvke  net).  Data  on  tyke  net  catches  at  the  culverts  at  t lie 
experimental  site  were  deleted  from  all  statistical  analyses  because  of 
the  extremely  low  catches  at  this  sampling  station  compared  to  the 
other  2 tyke  net  stations. 

Analysis  of  covariance  was  utilized  to  make  a preliminary 
assessment  ot  significant  trends  in  the  above  3 response  variables. 

For  each  ot  the  3 data  sets  (seine,  minnow  trap,  and  fyke  net),  a 
two-factor  analysis  ot  covariance  was  periormed  on  the  3 responses  to 
identify  the  effects  of  the  following  2 treatments:  (a)  location 
(experimental  versus  reterence),  and  (b)  period  (day  versus  night). 

The  covariate  water  temperature  (°C)  was  used  to  ad  just  t lie  responses 
prior  to  assessment  ot  treatment  ettects.  The  t txod-et t ect s model 
chosen  for  the  analyses  asstm ied  the  absence  ot  significant 
covariate-t reatment  interact  ions. 

Bartlett's  test  (Sokal  and  Rohlf  19b9)  utilized  prior  to  the 
analyses  to  test  the  assumption  of  homogeneity  ot  variances. 

Significant  heterogeneity  (or  nonnormality  sinee  tills  test  is  also 
sensitive  to  departure  t rom  normality)  was  indicated  in  4 ol  the  3 
response  variables.  A logarithmic  t ranst ormat ton  ot  the  form  V;' 

1 og,,  (Yj  + l)  was  applied,  and  the  analyses  ot  these  4 responses  were 
periormed  on  the  transformed  variables. 

The  final  term  ot  t lie  3 response  variables  (Yj)  utilized  in 
these  analyses  is  as  follows: 

Yj  “ log,,  (number  ot  species  + 1) 

Y>  - log,,  (number  ot  specimens  + 1) 

Yj  “ log,,  (biomass  + 1) 

Y4  “ species  diversity  (in  orlginl.il  scale) 


\'<j  = log,,  (biomass  ot  the  spottail  shiner  + I) 

Appendix  tables  1,1,  1,2,  and  1,3  summarize  results  o)  the 
analyses  ot  covariance  performed  on  the  seine,  minnow  trap,  and  fyke 
net  data,  respectively.  In  addition  to  (-'-tests  of  significance  (of 
treatments,  interactions,  and  the  covariate),  these  tables  present 
treatment  means  expressed  as  deviations  from  the  grand  mean  to  allow 
assessment  of  the  direction  of  the  response  at  each  treatment  level. 
These  deviations  are  given  in  an  unadjusted  and  adjusted  (tor  the 
covariate)  form.  K-  values  are  also  presented  which  represent  tin- 
proportion  of  the  variation  in  the  response  explained  bv  the  additive 
effects  of  the  treatments  and  the  covariate. 

The  covariate  water  temperature  explained  a significant 
portion  ot  the  variation  in  all  !>  response  variables  (Yj  through  Yt,) 
tor  the  seine  data  (Table  LI).  Only  in  one  instance,  Y2,  was  the 
location-period  Interaction  declared  significant  (P<0.05),  indicating 
the  effect  ot  period  is  not  the  same  at  the  2 locations.  Location  had 
a significant  treatment  effect  upon  and  Y4 , hut  for  the  other 
responses  location  was  not  significant.  Examining  the  group  means 
(expressed  as  deviations  from  the  grand  mean),  Yj,  and  Y4  were 
significantly  higher  at  the  reference  site  than  the  experimental  site 
(Table  LI). 

Period  had  a significant  treatment  effect  upon  Yj,  Y3,  and  Y 3 
for  the  seine  data.  These  responses  were  significantly  higher  at  night 
than  day,  whereas  no  significant  differences  in  Y4  wen-  found  betweei 
the  2 periods  (Table  1,1). 

A moderately  high  proportion  of  the  variation  in  the  3 
responses  for  the  seine  data  was  explained  hv  tin-  additive  effects  of 
the  treatments  and  the  covariate;  K-  values  ranged  from  0.31  to 
(Table  il).  In  other  words,  from  31  to  C>3  percent  of  the  variation  in 
the  Yj  was  accounted  for  by  the  additive  effects  of  temperature, 
location  and  period. 

Water  temperature  was  significant  for  only  Yt,  for  the  minnow 
trap  data  (Table  1,2).  The  location-period  Interaction  for  Yj  was  again 
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declared  significant  (P<0.01)  suggesting  the  effects  of  location  and 
period  on  Y>  are  multiplicative  rather  than  simply  additive.  Location 
had  a significant  effect  upon  Yj,  Y3,  Y4,  and  Y 5 ; these  responses  were 
significantly  higher  at  the  experimental  site  than  the  reference  site 
for  the  minnow  trap  data. 

Only  for  Y5  was  the  effect  of  period  declared  significant 
where  day  values  of  Y5  were  higher  than  night  values.  No  differences 
between  day  and  night  were  indicated  for  the  other  responses  (Table 
L2).  R~  values  for  the  minnow  trap  data  were  quite  low,  ranging  from 
0.02  to  0.08.  Other  variables  or  treatments  need  to  be  added  to 
increase  the  proportion  of  the  total  variation  in  the  Yj  explained  by 
the  model. 

Temperature  explained  a significant  portion  of  the  variation 
in  Y]  and  Y3  for  the  fyke  net  data;  it  was  declared  not  significant  for 
the  other  Yj  (Table  L3).  The  treatment  effects  of  location  and  period 
for  the  fyke  net  data  were  found  to  be  not  significant  for  all  5 
responses,  and  no  location-period  interactions  were  found  significant. 
Significant  differences  between  the  experimental  site  and  the  reference 
site  or  day  and  night  in  the  5 response  variables  are  not  indicated  by 
the  fyke  net  data. 

Multiple  regression  was  chosen  as  the  major  statistical 
method  to  analyze  trends  in  the  5 response  variables  (Yj)  for  the 
fol lowi ng  reasons : 

a.  Complex  multivariate  relationships  exist  between  the 
abundance  and  distribution  of  fisli  and  environmental 
variables;  as  a descriptive  tool,  multiple  regression  can 
give  a concise  summary  of  these  relationships. 

b.  Field  survey  data  are  confounded  by  numerous  factors  since 
such  surveys  are  observational  in  nature  rather  than 
controlled.  Multiple  regression  allows  some  control  of 
these  confounding  factors  by  the  use  of  "dummy" 
(categorical)  variables.  Also,  each  partial  regression 
coefficient  is  computed  as  if  the  other  variables  are  held 
constant,  thereby  removing  the  confounding  effects  of 
other  variables  in  the  equation. 

c.  The  ability  to  accurately  predict  the  effects  of 
environmental  change  or  modification  upon  living  resources 

1.4 


is  an  ultimate  goal;  multiple  regression  techniques  can 
develop  the  best  linear  prediction  equation  and  evaluate 
its  accuracy. 


Stepwise  regression  techniques  (Draper  and  Smith  1966)  were 
used  to  develop  the  "best”  regression  equation  for  each  Yj  in  the 
f o 1 1 ow  i ng  mantle  r : 

a.  The  3 responses  (dependent  variables)  were  plotted  against 
the  environmental  (independent)  variables,  and  the  data 
were  linearized  (transformed)  where  necessary. 

b.  Matrices  of  simple  correlation  coefficients  of  dependent 
and  independent  variables  and  selected  transformations 
were  comput ed . 

c.  Using  the  multiple  regression  model  Y j = B()  + bj  Xj  + Bn 

X?  + + Bj  X j + e,  where  Xj  is  some  function  of  one 

of  the  selected  environmental  variables,  a stepwise 
regression  was  performed  to  identify  those  parameters 
which  account  for  the  attributable  variation  in  the  model. 

Eight  independent  variables  ( X j ) were  chosen  for  the 
analyses:  water  temperature,  pH,  salinity,  dissolved  oxygen, 
turbidity,  and  dummy  variables  for  location,  period,  and  site.  Table 
L4  summarizes  notation  and  defines  the  form  of  independent  and 
dependent  variables  vised  in  the  regression  analyses.  As  in  the 
preliminary  analysis  of  covariance,  the  3 data  sets  were  treated 
separately.  Independent  variables  were  retained  in  the  equations  it 
their  partial  regression  coefficients  (bj)  could  be  declared 
significantly  different  from  zero  at  P<0. 10  (Hq:  bj  =•  0;  llj:  bj  y 0). 
Table  L3  presents  descriptive  statistics  of  the  dependent  and 
independent  variables  for  each  of  the  3 data  sets. 

An  examination  of  simple  correlation  matrices  of  potential 
regression  variables  in  original  and  log-transformed  scale  was  made  to 
identify  the  final  form  of  variables.  In  general,  correlations  were 
higher  between  log-transformed  dependent  variables  (Yf)  and  independent 
variables  ( X v ) in  their  original  ( tint rans formed ) scale,  except  for  Y^. 

For  seine  data,  temperature  and  turbidity  had  a significant 
positive  simple  correlation  with  each  of  the  3 Yj  (Table  1.6). 

Dissolved  oxygen  was  also  significantly  correlated  witli  each  ot  the  \'j  , 


but  the  correlation  was  negative.  Period  had  a significant  positive 
correlation  with  \’2  (specimens),  Y3  (biomass),  and  Y3  (biomass  of  the 
spottail  shiner).  Location  was  significantly  correlated  with  only  Y4 
(species  diversity),  and  pH  and  salinity  were  not  significantly 
correlated  with  any  of  the  Yj. 

For  the  minnow  trap  data,  location  was  the  only  independent 
variable  that  had  a significant  simple  correlation  with  all  the  Yj,  the 
relationship  being  a negative  one  (Table  Lb).  In  contrast  to  the  seine 
data,  dissolved  oxygen  and  turbidity  were  not  correlated  with  any  of 
the  Yj,  whereas  pH  and  salinity  were  correlated  with  some.  Temperature 
was  correlated  negatively  with  Y3,  and  period  negatively  with  Ya.  Site 
had  a significant  positive  correlation  with  Yj  (species),  Yj,  and  Y3. 

The  fyke  net  data  had  no  independent  variables  that  were 
significantly  correlated  with  all  the  Yj  (Table  Lb).  Dissolved  oxygen 
and  pH  were  negatively  correlated  with  Yj,  Y2,  Y3,  and  Y4,  and 
temperature  was  positively  correlated  with  Yj,  Y3,  and  Y4.  The  other 
independent  variables  were  not  correlated  with  the  Yj . 

Table  L7  summarizes  the  final  results  of  the  stepwise 
regression  analyses.  Each  data  set  is  discussed  separately,  then 
overall  patterns  are  summarized. 

Seine  data  set.  Temperature,  pH,  salinity,  location,  and 
period  were  retained  in  the  final  regression  equation  as  significant 
predictors  of  Yj,  species  (Table  L7).  The  final  equation  for  Yj  was 
highly  significant  (l’<0.001)  and  explained  four-fifths  of  the  total 
variation  in  Yj  (K--  = 0.79).  Temperature,  location,  and  period  had 
positive  partial  regression  coefficients  (bj);  i.e.,  their  partial 
correlations  with  Yj  were  positive.  The  equation  predicts  an 
increasing  Yj  with  increasing  temperature,  location,  or  period,  holding 
the  other  variables  in  the  equation  constant.  This  means,  for  example, 
that  a significantly  higher  Yj  was  found  at  the  reference  site  than  the 
experimental  site  (the  dummy  variable  location  was  coded  as  0 = 
experimental  site  and  1 = reference  site),  and  night  has  a 
significantly  higher  Yj  than  day  (jieriod  was  coded  as  0 = day  and  1 = 


night).  Salinity  and  pH  had  negative  partial  correlations  with  Yj; 
allowing  for  other  variables  in  the  equation,  Yj  will  increase  as  pH  or 
salinity  decreases. 

The  regression  equation  for  Y£  (specimens)  explained  almost 
two-thirds  of  the  variation  in  this  dependent  variable  (Table  L7 ) . 
Temperature,  pH,  turbidity,  and  period  were  retained  in  the  final 
equation  with  all  of  these  independent  variables  except  for  pH  having 
positive  partial  correlations  with  Y2.  Y2  will  increase  as 
temperature,  turbidity,  or  period  increases,  or  as  pH  decreases 
(holding  other  variables  constant).  Location  was  not  included  in  the 
final  equation  for  Y 2 1 no  significant  difference  was  evident  between 
the  experimental  and  reference  sites. 

The  equation  for  Y3  (biomass)  was  significant  at  P<0.001, 
explained  about  two-thirds  of  the  variation  in  Y3,  and  retained 
dissolved  oxygen,  turbidity,  and  period  as  significant  independent 
variables  (Table  L7).  Dissolved  oxygen  had  a negative  partial 
correlation,  and  turbidity  and  period  had  a positive  partial 
correlation  with  Y3.  Location  did  not  explain  a significant  portion  of 
the  variation  in  Y3  after  allowing  for  other  independent  variables  in 
the  equation. 

Temperature,  salinity,  dissolved  oxygen,  and  location  were 
retained  in  the  final  equation  for  Y4,  species  diversity;  almost 
three-fourths  of  the  variation  in  Y4  was  explained  by  these  4 
independent  variables  (Table  L7).  Two  of  these,  temperature  and 
location,  had  positive  partial  regression  coefficients  (bj),  and  the 
other  2 had  negative  ones.  An  increase  in  Y4  was  found  with  an 
increase  in  temperature  or  location  or  a decrease  in  salinity  or 
dissolved  oxygen,  holding  other  variables  constant.  The  positive  bj 
for  location  means  a significantly  higher  Y4  was  found  at  the  reference 
site  than  at  the  experimental  site. 

The  final  equation  for  Y5,  biomass  of  the  spottail  shiner, 
explained  about  half  of  the  total  variation  in  this  dependent  variable 
and  retained  turbidity,  location,  and  period  as  significant  predictors 
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of  Y q (Table  L7).  Turbidity  and  period  had  positive  bj’s,  and  location 
had  a negative  bj;  thus  a higher  Yq  is  predicted  at  higher  turbidities, 
at  night , or  at  the  experimental  site. 

Minnow  trap  data  set.  The  final  regression  equations 
developed  for  the  b Y j for  the  minnow  trap  data  were  less  satisfactory 
than  those  for  the  seine  data  and  explained  only  2 to  24  percent  of  the 
variation  in  the  dependent  variables  (Table  7).  Each  equation  is  not 
discussed  separately;  only  trends  in  the  more  important  independent 
variables  are  summarized. 

pH  was  retained  in  four  of  the  equations  with  the 
relationship  between  pH  and  Yj,  Y2,  Y3,  and  Yq  being  negative. 

Turbidity  was  also  retained  in  these  equations  but  had  a positive 
partial  correlation  with  the  4 Yj. 

Location  was  retained  in  all  equations  except  the  one  for  Y5. 
A significantly  higher  Yj,  Ya,  Y3,  and  Y4  were  found  at  the 
experimental  site  than  at  the  reference  site  since  the  partial 
correlation  between  these  Yj  and  location  was  negative. 

Period  was  a significant  predictor  of  YS,  Y3,  and  Y5  and  had 
a negative  partial  correlation  with  these  Yj  . These  Yj  were 
significantly  higher  for  day  samples  than  night  samples. 

The  dummy  variable  site  (applicable  only  to  the  minnow  trap 
data)  was  retained  in  the  equations  for  Yj,  Y3,  and  Yq  where  the 
partial  correlation  was  positive.  Significantly  higher  values  of  these 
Yj  were  found  in  the  marsh  exterior  than  in  the  marsh  interior  (site 
was  coded  as  0 = marsh  interior  and  1 = marsh  exterior). 

The  variables  temperature,  salinity,  and  dissolved  oxygen 
were  retained  in  only  1 or  2 of  the  equations  for  the  minnow  trap  data 
and  are  not  discussed  further. 

Kvke  net  data  set.  No  variables  were  selected  for  the 
equation  for  Yq;  evidently  the  catches  of  spottail  shiner  by  fyke  net 
were  too  low  or  variable  for  the  regression  model  to  explain  a 
significant  portion  of  the  variability  in  Yq. 

The  equations  for  the  other  Yj  explained  from  34  to  71 


L8 


percent  of  the  variation  in  the  dependent  variables  (Table  L7). 
Relatively  few  independent  variables  were  selected  in  the  final 
equations  for  the  fyke  net  data  as  compared  to  the  other  2 data  sets. 
pH  was  the  only  independent  variable  selected  in  more  than  1 equation 
where  it  had  a negative  partial  correlation  with  Yj,  Y2,  Y3,  and  Y4. 
Salinity  was  retained  in  the  equation  for  Y 4 where  the  partial 
correlation  was  negative.  Turbidity  had  a significant  positive  partial 
correlation  with  Y3. 

No  additional  independent  variables  were  selected  for 
inclusion  in  the  equations.  Temperature  and  dissolved  oxygen  did  not 
explain  a significant  portion  of  the  variation  in  Yj,  and  no 
significant  differences  between  the  2 sampling  locations  or  periods 
were  found. 

Summarizing  the  results  of  the  regression  analyses,  it 
appears  that  the  seine  data  set  is  the  most  useful  for  assessing  trends 
in  the  dependent  variables.  Using  R~  as  a criterion  of  goodness  of 
fit,  the  R^  values  for  the  equations  for  the  seine  data  were  highest  in 
all  cases  except  one  (Y3  for  the  fyke  net  data  had  a slightly  higher  R^ 
than  Y3  for  the  seine  data).  Minnow  trap  data  were  the  least  useful  in 
analyzing  trends  and  explained  less  than  25  percent  of  the  variation  in 
the  Y j . 

pH  was  retained  in  many  of  the  equations  as  a significant 
independent  variable;  in  all  cases  where  it  was  retained,  the  partial 
correlation  between  pH  and  the  Yj  was  negative.  A higher  productivity 
in  terms  of  the  Yj  is  expected  at  lower  pH.  Turbidity  was  also  found 
to  be  a significant  variable  in  several  of  the  equations  where  the 
relationship  between  it  and  the  Yj  was  positive. 

Comparing  the  seine  and  minnow  trap  data,  a different  pattern 
of  response  was  found  for  the  independent  variables  temperature, 
location,  and  period.  For  example,  temperature  had  a positive  partial 
correlation  with  Y2  (specimens)  for  the  seine  data  and  a negative  one 
for  the  minnow  trap  data.  Likewise,  Yj  (species)  and  Y4  (species 
diversity)  were  found  to  be  significantly  higher  at  the  reference  site 
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than  at  the  experimental  site  based  upon  seine  data,  but  the  reverse 
was  true  for  the  minnow  trap  data.  Also  Y2,  Y3  (biomass),  and  Y5 
(biomass  of  spottail  shiner)  were  significantly  higher  at  night  for  the 
seine  data,  whereas  the  converse  held  for  minnow  trap  data. 

Salinity  and  dissolved  oxygen  were  retained  in  few  equations 
relative  to  the  other  independent  variables,  and  here  also  the  pattern 
of  the  response  was  different  for  the  three  data  sets. 


( Gont  lnued  ) 


(Cont lnued) 


APPENDIX  M':  SUMMARY  STATISTICS  OF  NOTROPIS  HUDSONIUS 
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Table  Ml 


Total  health 

(mm)  ot  Noiropis 

luiilson  i us 

X 

S 

N 

X . 

X 

m i n 

max 

Overal 1 

81.2 

18. 182 

1180 

5 

110 

Windmill  Point 

85.8 

14. 242 

693 

5 

1 09 

Herring  Creek 

74 . 7 

20. 907 

487 

40 

110 

October 

00. 7 

7.952 

500 

48 

108 

February 

84 . 8 

10. 566 

90 

55 

104 

Apr  i 1 

88.5 

10.091 

216 

45 

106 

July 

63.5 

20. 168 

374 

5 

110 

Day 

80.7 

18.037 

551 

41 

110 

Night 

81.7 

18.309 

629 

5 

1 00 

Ma  1 e 

83.6 

15.087 

424 

44 

106 

Fema 1 e 

86.5 

15.269 

595 

5 

110 

Immature 

81.4 

18.995 

12 

48 

102 

Ml’ 
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Frequency  r r nsst-.ahulations  of  Sex  and 
Gonad  Condition  of  Notropis  hudsonius 


Location 

Month 

WP 

HC 

Oct . 

Feb. 

April 

July 

Male 

262 

162 

209 

39 

77 

99 

SEX 

Female 

389 

206 

279 

51 

138 

127 

Immature 

10 

2 

9 

3 

Immature 

130 

142 

48 

38 

15 

171 

GONAD 

Gravid 

92 

56 

148 

CONDITION 

Runninq  Ripe 

1 

1 

Spent 

49 

31 

80 

Maturing 

405 

177 

449 

52 

51 

30 

Table  M4 

Mean  Back-Calculated  Lengths  of 
Notropis  hudsonius  f o r_  Each  Ago 


Age 

N 

Length  at 
Capture 

I 

Age  Class 

II 

III 

1 

506 

89.6 

62.5 

2 

188 

96.5 

56.6 

90.0 

3 

2 

109.0 

55.7 

91.5 

101.4 

TOTAL 

696 

Mean 


91.5 


60.9 


90.0 


101.4 


APPENDIX  N':  SPECIES  OCCURRENCE  AND  NUMBER  OF  FOOD  ORGANISMS 
FROM  SELECTED  NEKTON  SPECIES  BY  TOTAL  LENGTH  INTERVALS 


S' . tr- ; 1» 


1 


Table  Nl  (Continued) 


5*7 


0*001  i ' l ••Pflt<«4 

o-oot  v 


Table  S3  'Continued) 


KJ  (Continued) 


hi*  (€001100*4) 


1 ,'r>nt  lfj 


M. »ce§  *339  'unidentifiable 


T«ble  N5  (Continued) 


1 


■I 


i 

■\ 


N2A 
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APPENDIX  O’ : SUMMARY  STATISTICS  OF  ERIMYZON  OBLONGUS 


Table  01 


Total  Length  of  Erimyzon  oblongus 


X SD  N 

m: 


Overall  282.0  20.364  26  2 


October 

282.9 

19.485 

22 

249 

311 

April 

240.0 

0 

1 

240 

240 

July 

289.3 

15.044 

3 

275 

Day 

289.3 

15.044 

3 

275 

305 

Night 

281.0 

21.030 

23 

240 

311 

Male 

288.1 

17.918 

18 

240 

311 

Female 

268.1 

19.628 

8 

249 

309 

Note:  All 

specimens 

were  collected 

at 

Herring  Creek. 

02 


Table  03 


Mean  Back-calculated  Lengths  of 
Erimyzon  oblongus  for  Each  Age 


Length  at  Age  Class 


Age 

N 

Capture 

I 

II 

III 

IV 

1 

5 

269.6 

177.1 

2 

18 

278.8 

148.9 

247.0 

3 

2 

310.0 

137.5 

218.3 

292.9 

4 

1 

306.0 

156.2 

196.3 

235.0 

271.1 

Total 

26 

Mean 

280.4 

153.5 

242.1 

273.6 

271.1 

APPENDIX  P' : SUMMARY  STATISTICS  OF  ICTALURUS  PUNCTATUS 


Table  PI 


Total  Length  (mm)  of  Ictalurus  punctatus 


X 

SD 

N 

X . 
mm 

X 

max 

Overall 

141.9 

89.194 

78 

43 

370 

Windmill  Point 

170.3 

102.523 

16 

65 

355 

Herring  Creek 

134.6 

84.801 

62 

43 

370 

October 

130.2 

78.866 

52 

43 

367 

April 

270 . 0 

66.378 

4 

193 

355 

July 

146.4 

99.742 

22 

50 

370 

Day 

182.4 

86. 682 

23 

58 

367 

Night 

124.9 

85.399 

55 

43 

370 

Male 

168.2 

99.050 

25 

58 

367 

Female 

146.4 

82.583 

43 

66 

370 

Immature 

62.5 

8.660 

4 

50 

70 

AD-A061  842  VIR6INXA  INST  OF  MARINE  SCIENCE  GLOUCESTER  POINT  F/6  13/9 

HABITAT  DEVELOPMENT  FIELD  INVESTIGATIONS'  WINDMILL  POINT  MARSH  — ETC(U) 
JUN  78  DACW39-76-C-0040 

WES-TR-O— 77-23— APP—O  NL 
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Table  Vi 

Frequency  crosstabulations  of  box  niuf. 
Gonad  Condi  t ion  of  let  alums  puiu-tatus 


“ ■ 

Locat Lon 
WP  HC 

Oct  . 

Mont  h 
Api  it 

SEX 

Ma  1 e 

Foma  1 e 

Immat  lire 

5 20 

8 35 

3 1 

14 

32 

4 

4 

Immature 

GONAD  Gravid 

CONDITION  Spent 

Mat ur  i mi 


12  47  39 

1 1 

3 1 

13  13 


ro  ro 


Table  P4 


Me  an  H a ck - c a 1 cu 1 a ted  L omj  ths  of 
Ictalurus  punctatus  for  Each  Age 


■ 1 ■ - 

Length  of 
Capture 

Ago 

Class 

Aqe 

N 

T~ 

II 

■ lx! 

IV 

V 

VI 

1 

11 

138.6 

63.2 

2 

10 

199.2 

91.6 

154.2 

3 

6 

272.7 

87 . 6 

168.8 

226.6 

4 

5 

312.4 

77.5 

153.4 

204 . 8 

274.4 

6 

3 

270.0 

39.7 

115.1 

181.5 

208.8 

225.5 

270.0 

Total 

35 

Mean 

209.0 

75.5 

152.8 

209 . 2 

249.8 

225.5 

270.0 

P5 


Table  Q1 


Total  Length  (nun)  of  Fundulus  heteroclitus 


X 

SD 

N 

X . 
min 

X 

max 

Overall 

61.0 

9.427 

147 

40 

87 

Windmill  Point 

61.7 

8.921 

132 

42 

87 

Herring  Creek 

54 . 9 

11.744 

15 

40 

82 

October 

60.7 

7.238 

45 

46 

73 

February 

57.3 

10.693 

3 

45 

64 

April 

61.6 

8.754 

88 

42 

81 

July 

58.7 

19.084 

11 

40 

87 

Day 

61.9 

9.175 

109 

42 

87 

Night 

58.5 

9.806 

38 

40 

75 

Male 

56.7 

8.469 

39 

42 

75 

Female 

62.8 

9.092 

107 

44 

87 

Q2 


Table  Q3 


Frequency  Crosstabulations 

of 

Sex  and 

Gonad  Condition 

of  ] 

Pundulus 

heteroclitus 

Location 

Month 

WP 

HC 

Oct . 

Feb. 

April 

July 

SEX 

Male 

33 

6 

2 

1 

34 

2 

Female 

99 

8 

43 

2 

54 

8 

Immature 

10 

9 

10 

3 

6 

GONAD 

Gravid 

32 

2 

34 

CONDITION 

Running  Ripe 

37 

37 

Spent 

4 

1 

5 

Maturing 

49 

3 

35 

17 

Table  04 

Mean  Ba ck-calcul ated  lengths  of 
Fundulus  heterocli tus  for  Each  Age 


Age 

N 

Length  at 
Capture 

Age 

I 

Class 

II 

1 

60 

56.6 

48.4 

2 

37 

70.9 

46.4 

64.1 

Total 

97 

Mean 

62.0 

47.6 

64.1 

05 


APPENDIX  r'  •• 


SUMMARY 


STATISTICS 


OF  MORONE  AMERICANA 


i 


Tab  1 <’  R 1 


Tot  a 

1 Length  (mm) 

of  Moiom 

• americana 

X 

SD 

N 

■^min 

X 

max 

Overal 1 

71.8 

35. 101 

6 58 

30 

228 

Windmill  Point 

6 7.8 

32.400 

536 

3° 

2 27 

Herring  Creek 

80 . 8 

40.312 

122 

4 3 

228 

October 

114.0 

43.302 

40 

72 

210 

April 

113.0 

33.028 

125 

77 

227 

July 

58.0 

21.336 

49  3 

39 

228 

Day 

00 . 7 

40.048 

120 

42 

107 

Night 

6 7.7 

32.236 

538 

39 

22  8 

Ma  1 e 

10  3.0 

21.323 

112 

77 

228 

Female 

140.0 

40. 138 

67 

81 

227 

Immat  ure 

58.0 

1 3. 926 

109 

42 

116 

1 


Table  R3 


Frequency  Crosstabulations 

of  Sex 

and 

Gonad  Condition 

of  : 

Morone 

americana 

Location 

Month 

WP 

HC 

Oct . 

Apri  1 

July 

Male 

68 

44 

18 

78 

16 

SEX 

Female 

39 

28 

10 

47 

10 

Immature 

59 

50 

12 

97 

Immature 

144 

75 

26 

34 

159 

GONAD 

Gravid 

34 

6 

40 

CONDITION 

Running  Ripe 

1 

1 

Spent 

1 

1 

Maturing 

34 

39 

14 

51 

8 

Table  R4 


Mean  Back-calculated  Lengths 
Morone  americana  for  Each  Age 


of 


i 


Length  at 

Age  Class 

Age 

N 

Capture 

I 

II 

III 

IV  V 

1 

113 

101.6 

83.1 

2 

33 

131.4 

71.8 

123.4 

3 

6 

155.5 

81.1 

114.9 

143.2 

4 

10 

194.9 

78.9 

125.3 

156.9 

186.3 

5 

6 

214.5 

74.1 

122.7 

154.3 

180.2  200.6 

Total 

168 

Mean 

119.0 

80.3 

122.7 

152.5 

184.0  200.6 

APPENDIX  S’:  SITE,  FREQUENCY , AND  RESIDENT  TYPE 
FOR  AVIFAUNA  OBSERVED 
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Table  SI  (Continued) 


Field  sparrow  Spizetto.  pueilla 

b*hi te- throat ed  sparrow  Zonotrichia  albivollie 


**<•»  ' , r » 


Avifauna  Observed  at  the  Experimental  Site 


(Cont i nued) 


h<!rrir,K  fculi 


Tab]**  T1  (Continued; 


refers  to  r.i  seel  lanecus  observations.  Sc*1  Field  Methods  for  explanation. 


Table  TI  (Continued) 


"*r.‘r.  /el  l'-w throat 


(Continued) 
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Numbers  of  Avifauna 
Date  (1977) 


Total  74  170 
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Prothonotary  warbler 
Northern  parula 

Yellow-throated  warbler  (Continued) 
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